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[57] ABSTRACT 

An apparatus for the automatic, in-circuit testing of the 
electrical properties of complex digital integrated cir- 
cuit assemblies is disclosed. A programmed processor is 
provided to control a set of selectable switches, which 
connect selected nodes of a circuit under test to certain 
ones of a plurality of signal lines. One of the signal lines 
supplies a selected digital test signal from a set of select- 
able test signals to the selected node. The set of test 
signals including a Gray code. Another of the signal 
lines provides a response line connecting a selected 
node to a functional tester that performs one of a select- 
able number of intermediate functional tests. One of the 
functional tests is a signature analysis of the digital re- 
sponse signal in accordance with a cyclic redundancy 
check (CRQ coding technique. Each test performed by 
the apparatus is specified through processor routines 
which select and encode the proper test signals for the 
particular circuit or device under test and analyze the 
results of the intermediate functional tests to determine 
if the device has functioned properly. 

60 Claims, 11 Drawing Figures 
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functional sections in each device. The problem is fur- 

IN-CIRCUIT DIGITAL TESTER ther compounded by the limited number of test nodes 

available to each integrated circuit for the connection of 

BACKGROUND OF THE INVENTION input and output signals. 

The present invention relates to a measuring and ^ Most of the functional sections of the integrated cir- 
testing apparatus for testing complex digital circuits; cuits consist of eitiier combinational logic circuits or 
more particularly, to automatic digital in-circuit testers sequential logic circuits or some combination thereof. A 
for testing digital circuits containing, but not limited to, combinational logic circuit is defined as one that con- 
large scale integrated circuits. sists entirely of gates (AND, OR, etc.). In a combina- 

The in-circuit tester of the type disclosed herein is a tional logic system, no clock is required, and after the 
testerthatiscapableof testing a circuit without regard inputs have been established (disregarding settling 
to whether or not the electrical node into which a test time), the output is immediately available for checking 
signal is injected is connected to the output of another to detennine whether it confomos to the output signal 
logic device. The disclosed in-circuit tester is capable of that the circuit should correctly produce in response to 
generating and applying a digital test signal to an output the specified input signal. On the other hand, sequential 
node of a logic device that is normally at a logic ground, circuits require a sequence of changes in the input test 
and cause that output to go to a logic high without signals, such as a clock, before an output signal, pro- 
damaging the device. In other words, the use of the duced in response to the test signals, can be examined to 
term "in-circuit" means that the device or circuit under detennine if the device correctly responded. Because of 
test does not have to be isolated or removed from the csomplexity of the digital circuits and the fact that 
surrounding circuits in order to apply test signals and to there exists only a limited access to the integrated cir- 
monitor its output. Quit chip's circuits via the IC pins, many different test 

Printed circuit boards containing complex digital signals must be generated before all of the functional 
integrated logic circuits interconnected by copper lands capabilities of the LSI device can be checked. In a great 
to form functional circuits, offer a greater challenge to 25 m^ny instances, an output signal must be checked as to 
prior-art in-circuit digital testers than they are able to pattern of one's and zero's tiiat is produced in re- 
meet. Prior art testers are able to select mterconnection 3 a known set of input test signals to determine 
pomts between the digital components, referred to as working properly, 
tiie electrical nodes, and to apply test sisals to a circuit ,^ ^^^^ apparent that an apparatus for testing circuit 
or to monitor the respome of the circmt to those signals 30 ^^^^^^^ containing LSI circuits must be able to de- 
However. ever-mcreasmg complex logic devices, such ^ J ^^^^ ^ 
as micro-processors are ^^^^«/evdop^^^^^ nals Further, the test apparatus must be adapted fo 

Th^:^!!^.^^^^^^^^^^ performtestsonalargeni^berofdifferentLSIcircuits 

in-circuit testers are not capable of periormmg tne nu- *'. •jfj.«.^* r r ^ ^ , ^ 

merous. rapid and varied tWts requ^ed for such com- 35 "^'^V <^V^ ^^^^ b«t ac- 

plex circuits complish this requirement, a computer controlled test 

One of the most significant developments in digital ^^f"^ ^ preferred. The versatility of test programs 
circuit technology in recent years has been the fabrica- ^oth to generate the necessary est signals and to ami- 
tion of large and complex digital circuits on a single ^V^^ ^^^^ultmg response signals m^e Oie computer a 
chip of semiconductor material using large scale inte- 40 necessary element of a test system for digital circuits 
gration (LSI) techniques. These circuits typically con- ^avmg LSI devices. Altiiough the computer offers 
tain a great number of transistors and other components great flexibihty in selectmg tests to be performed, often 
which enable the designer to package a greater number response signal produced by the generated test sig- 
of circuits in a relatively small volume. Research and nals consists of bit streams of data that would require 
development is underway in the form of very large 45 excessive computer storage and execution time to ana- 
scale integration (VLSI) for methods to manufacture an lyze each and every bit so produced. Therefore, a tech- 
even greater number of circuits witiiin a single chip. "ique of compressing the bit stream down mto some- 
where LSI has thousands of transistors per chip, VLSI thing tiiat can readily be assimilated by the computer to 
has hundreds of thousands. As a result of the large obtain maximum usage of the computer's capabilities 
number of circuits contained in LSI devices and the 50 would be desirable. This compression of the long bit 
expected increases in circuit complexity from VLSI streams can be accomplished by using a cyclic redun- 
technology, the probability of chip failure has in- dancy check (CRC) coding technique, which logically 
creased. Correspondingly, the importance of testing combines each bit with those that went before, to gener- 
and diagnosis of chip failures has also increased. How- ate a compact digital code or signature. This signature 
ever, the prior-art digital in-circuit testers either are not 55 represents, almost uniquely, the length and pattern of 
capable of performing the complex tests required, or are one's and zero's that occurred. The computer could 
too slow, due to the time required to generate all the then compare the measured code against a code for a 
necessary test signals to test these complex circuits. correct response, to determine if the device is function- 

Because of the increased packing density of digital ing properly, 

circuits and the wide variety of logic fimctions avail- 60 A limitation of known computer-aided testers is the 

able, LSI devices are enjoying widespread use in most fact that the computer remains operatively tied into the 

digital circuits and systems which designers are pres- test circuit during the performance of the test, because 

entiy producing. The reliability of such systems and it is used as a source of test data. Because many LSI 

circuits depends greatly on the reliability and accuracy devices require lengthy and complex test signals in 

of operation of the LSI devices and, thus, a need has 65 order to properly simmulate normal operations of the 

arisen for new and sophisticated equipment and proce- device, and because of speed limitations imposed by 

dures for testing of these circuits. Such testing is rela- software-generated test signals, these types of comput- 

tively difficult because of the great number of different er-aided systems are capable of performing only a lim- 
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itednumberof tests on these devices within a given time FIOS. 7(a) and 1(b) are block diagrams of the test 

interval. However, if a computer-aided tester were controller, the D, E, F & G switch selector and the 

provided which used intermediate test circuits to gener- functional tester; 

ate the test signals and to perform the functional tests, FIO. 8 is a circuit diagram of the listen enable and 

leavmg for the computer only the initialization of the 5 start-of-test cycle generators; 

tester circuits prior to the test and the analysis of the FIO. 9 is a circuit diagram of the functional tester; 
results following the test, the power and flexibility of and 

the computer could effectively be utilized. FIO- 10 is a timing diagram which illustrates the 

Thus, it would be advantageous to provide a comput- generation of a listen enable signal, 
er-controlled in-circuit digital tester for testing digital 10 Similar reference characters refer to similar parts 
circuits employing the complex integrated circuits re- throughout the several views of the drawings, 
suiting from LSI technology in which appropriate test DETAILED DESCRIPTION OF THE 
signals are generated and functional tests performed by PREFERRED EMBODIMENT 
intermediate test circuits, the results of which are ana- 
lyzed by the computer. helpful in understanding the following dis- 
cussion to define certain logic terms. Each of the logic 
SUMMARY OF THE INVENTION signals to which reference is made in the following 
In accordance with this invention, an automatic, discussions wiU have one of two possible logic states, a 
computer-controlled digital in^ircuit tester is provided ^^^^ ^ ^! ^ ^^S"^ ^ ^^S^o signal will be desi^ated as 
for controlling a test cycle in which digital test signals ^ ^ ^« '^^''^^ ?S ^^^^ followmg the mne- 
are generated for a circuit under test. A response signal °?!?^- ^'J^!!!^^ ^^^^^ ?^^9*^ ^ 
generated from that circuit in response to the test sig- while CLOCK* would be its inverse Each logic signal, 
nals is checked for a proper response. A set of selectable ?^ signal or its inverse, wdl have an asserted 
electrical node test pins are provided, to contact the „ TT^"^ JT^ * ^ 

circuit intercomiections of the circuit under test. These ^ "^^nV^^u ^ • 

^j^-io serted state a logic 0. For CLOCK*, the reverse is true, 
test pins permit the application of the test signals at ^, ^ j ^ ^ - t • n ^jx^* 
1 * J • * r *t. • •* J *u •* c the asserted state is logic 0 and the unasserted state is 
sdected pomts of the arcmt and the momtonng of a i. a signal goes "true" when it switches from the 

response to tnose signals, i ne test signms are app nea to to the asserted state and vice versa when it 

the curcuit under test trough a set of sdecteb e test 3^ ..^^^^ ., ^ ^ ^ ^ j^^^ q ^^^^^ ^^^^ 

signal switches associated with each of die test pms, q ^ ^3 ^ j^^/^ ^ j^^^ 1 

Through processor control, a selected test pm has one j^^^ ^ ^ 

switch from its associated set of test switches selected, reverse states 

to either apply a test signal to the test pin or to connect Referring first to FIG. 1, a block diagram of the 
the test pm to a response signal bus. A digital test-Signal 35 computer controlled digital in-circuit tester is shown, 
generator is providoi for each set of test switches to ^ central processing unit (CPU) 100 having a set of 

generate one signal from a set of selectable digital test input/output ^O) ports 102 that are used to communi- 
signals. Among the set of digital test signals are signals ^ate between the CPU 100 and the remaining ckcuits of 
which have the characteristic that identifies them as a the digital tester. I/O ports 102 contain standard inter- 
Gray code. 40 face circuits for interfacing the CPU 100 to a peripheral 
A test controller, responsive to the processor, is pro- device. As used herein, the term "central processing 
vided for controlling the generation of a test cycle in meant to include all programmable or pro- 
which the digital test signals are generated. The re- grammed devices of any size, such as microprocessors, 
sponse signal generated during the test cycle is moni- minicomputers, computers, time-share computers, main 
tored by a functional tester to perform intermediate 45 frame computers, batch processors, data processors, 
processor selected tests. One of the functional tests is etc. 

the determination of the signature of the response signal The digital tester 101, which responds to commands 
by generation of a cyclic redundancy check code. The from the CPU 100, is composed of test controller 104, 
result ofthe functional tests is inputted to the processor, test signal generator 108, functional tester 106, board 
where it is compared to the expected response to deter- 50 select decoder 114, D, E, F & G switch selectors 116, 
mine if the circuit under test has functioned properly. reed switches 120 and a bed of nails 122. The bed of 

gl^jgp DESCRIPTION OF THE DRAWINGS nails 122 consists of an array of selectable test pins that 

are contactable with the circuit interconnection nodes 

For a fuller understanding of the nature and objects of the logic circuits on the printed circuit board of de- 
of the invention, reference should be had to the follow- 55 vice under test (DUT) 124. The DUT 124 is a printed 
ing detailed description taken in connection with the circuit board assembly in which the interconnections 
accompanying drawings, in which: between the various components are for the most part 

FIG. 1 is a block diagram ofthe computer-controlled made with copper lands. Each DUT 124 will have its 
digital circuit tester; own preselected array of test pins that form the bed of 

FIG. 2 is a block diagram of the test signal generator; 60 nails 122 which contacts the interconnection points or 

FIG. 3 is the timing diagram for the set of selectable electrical nodes of the circuits on the DUT. The test 
Gray code digital test signals; pins tiiat will be used in testing the DUT 124 in each test 

FIG. 4 is the circuit diagram ofthe pin memory data cycle is selected from the bed of nails 122 and pro- 
transfer controller; grammed into the processor. The DUT 124 is placed 

FIG. 5 is a circuit diagram of the test signal address 65 over the bed of nails 122 and a vacuum applied to cause 
generator and the D & E sync generator; the DUT PC board assembly to move down and 

FIG. 6 is the circuit diagram of a test signal D switch contact the test pins in the bed of nails 122. The board 
driver; is caused to move a sufficient amount to cause the 
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spring loaded test pins to compress. This ensures that The circuits required to generate sixteen separate 

the test pins are contacting the interconnection nodes of digital test signals for each of the sixteen test pins in the 

the DUT 124 with sufHcient force to penetrate the cop- subset* to select which of the four selectable switches 

per land. for each test pin that is to be used during the test cycle, 

Each pin in the bed of nails 122 has an associated set 5 and to contain the actual reed switches and their coil 

of selectable switches, designated as the D, E, F & O drivers to provide the D, F and O contacts, are 

switches, connected to it. It should be noted here that mounted on a single PC board assembly. Thus, for the 

the D, E and G switches are provided as a safety feature preferred embodiment, a total of 64 boards are required 

to protect the digital tester 101 internal circuits from for a ^ of nails of 1,024 test pins. As shown in FIG. 1, 

excessive logic voltages that may appear on the electri- W each PC board assembly 103 containing the above de- 

cal nodes of the DUT 124 by isolating each test pin scribed circuits is composed of a pin memory 112, test 

through these switches. signal drivers 118, a board select decoder 114, D, E, F 

For the digital tester 101 to work, the D, E and G & ^ switch selectors 116, and reed switches 120. 

switches do not have to be provided. However, the F Still referring to FIG. 1, the digital tester is used as 

switch is provided so that the test pin which will follows: A circuit diagram of the device to be tested is 

contact the output test signal node can be connected to examined to identify the circuits or chips that are to be 

the response line 128. Therefore, the set of selectable tested. In general, all nodes ^wll be contacted by a test 

switches associated with each test pin could be as few as PJ?' ^''^ J^^^ elements of the mtegrated circuits, 

one but as many as desired. As shown in FIG. 1, one T\e dectncd nodes that are to be used m a test cycle as 

terminal of each of these selectable switches is con- ^ either an input node or as the cir^^ 

nected to the test pin. During each test cycle, each of identofied and a^gned the number coire- 

the selected test pms that contact the DUTm can sponds to die t^tpm number timtj^ 

either conduct an input test signal to the DUT or can ^J^^ T^^^^^y !^ P^?^ °f^- 

^nducT^e sd^ted output siS for the DUT, or it ^^^^ mtended to 

can alternately do both. If thfselected test pin is to ^"^^T ^^""^ "^^^ 

, . Y . , " *^ , ^ " executed by the computer, cause the tester to generate 

innut an mput test sisnal, the switch will be selected. • ^ ^ ^ • i^ xi. « ^ i j ^x*. 

lu^fix^ aix uiifuv i^v oi^u^fji^ appropriate test signals to the electrical nodes of the 

The tenmnals of the E and G switches for each of the Jl*!,,:; „„j<.^ mi ^-^^Ue 

^, ^. ^.^.^ '^^x.* circmt under test. The tester 101 circmts will monitor 

test pms that is not connected to its associated test pm ..^«a«co ««j ^^^^ :«*«^<^:«**. 

*^ , ^- ^- 1 ^ t_ 1 ^ t"e response signal and pertorm mtermeoiate tests on 

are bussed together, respectively. The E switch selects 3^ ^nder computer control, the tester 101 will 

the EXT CLOCK signal from die DOT to be apphed to ^ransSe results of ttie mtermediate tests to the com- 

the master clock generator 706 ^FIG. 7(fl)). The F ^^^^^ ^ comparison between the measured re- 

switch selects the node of the DOT that is to be the ^ expected response determines if the 

response signal and apphes it to the functional tester 106 ^^^^ ^ functioned properly, 

(see FIG, 7(a)). Each test pin in the bed of nails 122 has 35 ^ach integrated circuit m the circuit under test is 

the capability of applying a preselected digitd test sig- tested during a test cycle defined to be that period dur- 

nal to DOT 124 through its D switch when the switch j^g ^y^h the digital test signals are actually being 

is selected. Each test pin has an associated digital test applied to the circuit under test Although all of the test 

signal generator whose output can be connected to the parameters are speciHed by computer software, the 

test pin through a D svwtch. 40 actual tests are carried out, for the most part, indepen- 

If the test pin is to be connected to the electrical node dentiy of control of the computer. That is. the computer 

that is the output signal for the circuit under test, switch specifies the type of test that is to be performed, the 

F is selected. The F switches for each of the test pins in length of the test cycle, the types of test signals that are 

the bed of nails 122 are also bused together to form the to be generated, the test pins to be selected, etc., prior to 

response signal line 128. Response signal line 128 is 45 initiation of the test cycle. Once the test cycle is initi- 

inputted to the functional tester 106, where one of four ated, the CPU 100 must wait until the test cycle is fin- 

functional tests is performed. Because of the large num- ished before it acquires the results of the intermediate 

ber of test pins available in the bed of nails 122 (for the tests. As a result, the CPU supplies the digital tester 101 

preferred embodiment 1,024 pins), practical consider- ^th the initial conditions for the test to be. performed, 

ations of constructmg the tester require that the test pins 50 before it causes the test cycle to begin, 

be grouped into smaller subsets on boards to accommo- The CPU 100, acting through I/O ports 102, initialize 

date the circuits required to contain the D, E, F & G the circuits of tester 101 prior to a test cycle, by sequen- 

switches, to select the appropriate ones of those tially addressing each test pin that is to be used in testing 

switches for each test pin used in the test, and to gener- of the circuit under test, and selects and latches at least 

ate the digital test signals for the test. These circuits are 55 one of the D, E, F or O switohes for each of those 

chosen for inclusion in the subsets because they are selected test pins. Where appropriate, the KFD, KED 

duplicated for each test pin in the bed of nails 122. and KGD switches are also selected and latohed. Hav- 

For the preferred embodiment, the bed of nails 122 is ing selected and closed a switch for each test pin that 

divided into groups of sixteen test pins. Within each will apply a test signal to an input node of the circuit 

group, the E, F and G switches are bussed together. 60 under test, and having selected and closed the F switch 

Further, the bussed E, F and G selectable switohes are of the test pin that will be the response signal, the CPU 

connected to buses between the groups of sixteen test 100 next sequentially transfers to the pin memories 112 

pins through selectable switches KFD, KED, and the data necessary for the digital test signal generators 

KGD. These selectable switches, KFC, KED and to generate the appropriate selected test signal for the 

KGD, provide isolation for the internal bussing of the 65 selected nodes of the circuit under test Pin memory 

sixteen test pins from the external bussing between the address and data load generator 110, in response to 

groups of switches. But, in any event, each E, F and G commands and data from the cPU 100, stores digital 

switch for each test pin is connectable to the same bus. data in pin memory 112. This data, when read during 
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the test cycle, generates a pattern of one's and zero's on and the address signals RAO through RA3 are decoded 

the input of test signal drivers 118. In response to the to select one of the sixteen test pins on a board. Since 

pattern, the drivers 118 generate the digital test signals the selection process for the D, E, F & G reed switches 

that are applied to the selected test pins through their is the same, only an explanation for the selection of the 

closed D switches. 5 D switches will be given. 

To complete the initialization of the tester 101, the Still referring to FIG. 7(b), in the clearing process for 

CPU 100 strobes into test controller 104 the parameters the D reed latches 732 and 734, a BS signal, when true, 

which specify: (1) Whether an internal or an external enables clear reed switch decoder 738, so that the reed 

clock reference signal is to be used to generate the digi- group addresses, on the occurrence of RCLR* from 

tal tester 101 system clock; (2) data which determines 10 CPU 100, generate one of four possible reed switch 

the frequency of the system clock derived from the clear signals: CD*, CE*, CF*, or CG*. For clearing of 

selected reference clock; (3) which of the intermediate the D reed latches 732 and 734, the signal CD* is gener- 

tests is to be performed on the response signal; (4) the ated. This signal is applied to the clear input of the 

length of the test cycle that is to be performed; (5) the latches 732 and 734 to clear any latches that were set 

time during the test cycle in which the response is tested 15 from the previous test cycle. 

and the time during which the response is ignored; and In the reed switch selection process, reed addresses 

(6) data to generate a threshold voltage which enables RAO through RA2 provide a three bit octal address for 

the digital circuit tester to interface to a wide range of latches 732 and 734. Reed address RA3, in conjunction 

logic voltage levels from different DUTs. with the reed group signals RGO and RGl, are decoded 

Having initialized the circuits of tester 101, the CPU 20 by set reed switch decoder 73<>, on the occurrence of R 

100 may now initiate a test cycle by issuing the appro- STROBE*, to generate four pairs of enabling signals, 

priate command to the test controller 104. At the com- EDO* and EDI* through EGO* and EGl*, with each 

pletion of the test cycle, the CPU 100 transmits a com- pair selecting the pair of reed latches for each of the 

mand to the tester 101 to transfer the contents of the four selectable switches for each test pin. In other 

functional tester to the computer. A comparison is then 25 words, for the D switches, enabling signals EDO* and 

made between the actual result that would have been EDI* are generated to enable reed latches 732 and 734, 

produced from a properly functioning circuit, to deter- respectively. With the set/clear* (S/C*) signal at a 

mine if the circuit is working. The preceding discussion logic one, the individual latch addressed by the reed 

has been given to explain how the tester is used, so that addresses RAO through RA2, in conjunction with the 

the following detailed description of the circuits which 30 enable signal from set reed switch decoder 736, loads a 

implement the above-described functions may more selection command into the addressed latch. The out- 

readily be understood. puts from D reed latches 732 and 734 are applied to 

Shown in FIG. lib) are board select decoder 114, D, relay drivers 742 to energize the selected D reed switch. 

E, F & G switch selectors 116 and reed switches 120, In this manner, each of the selectable switches associ- 

which function to select and close one or more of the 35 ated with each of the test pins may be selected and 

four selectable reed switches for the test pins used dur- latched closed prior to the start of the test cycle, 

ing the test cycle. Board select decoder 114 and D, E, F Again referring to FIG. 1, test signal generator 108 is 

& G switch selectors 116 function as the switch-select- shown, composed of pin memory address and data load 

ing means for selecting which reed switch is to be generator 110, pin memory 112 and test signal drivers 

closed during the test cycle. A 8-input NAND gate 728 40 118. Identical pin memory 112 and test signal driver 118 

decodes the board address signals, BAO through BA6 circuits are contained on each of the tester boards in the 

and their inverse, to generate the board select signal BS digital tester 101. The output from pin memory address 

if this board is selected. and data load generator 110 is bussed to each of the pin 

Each slot of the digital tester into which a board is to memory 112 and test signal drivers 118 contained on 

be plugged has a unique address assigned to it As previ- 45 each of the system tester boards. Pin memory 112 re- 

ously discussed, each board contains the circuits for spends to the board select signal BS to enable the data 

sixteen test pins. This board address is encoded into the on the bus from pin memory address and data load 

connector wiring for the slot, such that the appropriate generator 110 to be inputted to the selected board. In 

board address signal (BAO through BA6 or its inverse) this way, the circuits for pin memory address and data 

b applied as one input to NAND gate 728. The output SO load generator 110 do not have to be duplicated for 

of NAND gate 728 is OR'ed in NOR gate 730 with a each board in the tester in order to generate a digital test 

board address override signal (BAOR)* to generate the signal for each test pin. The function of the test signal 

signal BS. The signal BAOR* is generated when a generator 108 is to generate, during the test cycle, one 

board select signal is to be generated on all of the boards of the digital test signals from the set of selectable test 

simultaneously. The board address signals are generated 55 signals that includes the Gray code set of signals. Since 

by the test controller 104 in response to commands and the operations of pin memory address and data load 

data from CPU 100. CPU 100 also generates reed ad- generator 110, pin memory 112 and test signal drivers 

dresses (RAO through RA3) and reed group addresses 118 are identical for each of the tester boards, only a 

(RGO* and RGl*) which D, E, F and G switch selec- discussion of one will be given, 

tors 116 decode, to select, for each of the sixteen test 60 Referring now to FIG. 2(a) and 2(b), which illustrates 

pins on the addressed board, one of the four selectable a typical test signal generator 108, pin memory address 

switches. and data load generator 110 is shown, composed of pin 

Reed addresses RAO through RA3 and reed group memory data transfer controller 200 test signal address 

addresses RGO* and RGl* are inputted to D, E, F and generator 202, D and E sync generator 204, and pin 

G switch selectors 116 to address a plurality of latches, 65 memory address multiplexer 206. The function of the 

to both store and reset the selection of the selectable pin memory address and data load generator 110 is to 

switches. The RGO* and RGl* signals are decoded to generate memory addresses and memory data for pin 

select one of the four selectable switches (D, E, F or G), memory 112. Pin memory addresses are generated at 
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two different times. First, prior to a test cycle, data must multiplexer 206. These address signals are generated 

be transferred and stored in pin memory 112 that will during a test cycle to address and output the contents of 

generate the digital test signal to be applied through the the memories 214. to generate the test signal which the 

selected D switches for each of the selected test pins to D selectable switches will apply to the circuit under 

the circuit under test Second, during the test cycle, 5 test The Gray code memory addresses are multiplexed 

addresses must be generated to pin memory 112 to read on to the memory address lines MAO* through MA3* 

the contents of the memory to generate the desired test by pin memory address multiplexer 206, when the sys- 

signal. tem DCLR* signal and the control signal from pin 

The pin memory address and data input signals which memory data transfer controller 200, DTMA MUX, are 

program the pin memories 112 prior to a test cycle are 10 both unasserted. A third mode of addressing the pin 

generated by the pin memory data transfer controller memories is also possible. This occurs when both the 

200. Pin memory data transfer controller 200, respond- control signal DTMA MUX and DCLR* are at a logic 

ing to inputs from CPU 100, generates an 8-bit data 0. For this condition, CPU 100 delivers the memory 

word on memory data lines MDO through MD7. These address lines directly from one of the I/O ports 102 to 

data lines are inputted to pin memory 112 where tri- 15 pin memory address multiplexer 206. That address then 

state buffers 210, enabled by the BS signal for this appears on the memory address lines MAO* through 

board, pass the data to the input of the memories 214. At MA3*. 

the same time, pin memory data transfer controller 200 When a test cycle begins and Gray code memory 

generates a set of data transfer memory addresses, addresses are generated by test signal address generator 

DTMAO through DTMA3, which are inputted to pin 20 202, D sync and E sync generator 204, in response to 

memory address multiplexer 206. Additionally, pin these addresses, generates the synchronization signals 

memory data transfer controller 200 generates two DSYNC* and ESYNC*. These two synchronization 

control signals, write enable MW*, and data transfer signals are used by the test signal drivers 118 m the 

memory address mux, DTMA MUX. The signal generation of the digital test signals that are applied to 

DTMA MUX is inputted to pin memory address multi- 25 the DUT via the D selectable switches, 

plexer 206 to cause the data transfer memory address Referring now to FIG. 4, which shows the circuit 

lines to be multiplexed onto the memory address lines diagram for pin memory data transfer controller 200, 

MAO* through MA3*, which form the input address system commands CMD2* and CMD3*, generated in 

lines for the memories 214. The control si^ial MW* is test controller 104, are used to select one of two operat- 
inputted to the pin memory write enable decoder 208, to 30 ing modes for the controller 200. In the first mode, data 

enable a write cycle to the memories 214. Also inputted transfer controller 200 can pass the 8-bits presented by 

to pin memory write enable decoder 208 are the mem- CPU 100 via I/O ports 102 to the memory data lines 

ory group addresses MGO* and MGl*. The two ad- MDO through MD7; or, m the second mode, controller 

dresses are inputted directly to decoder 208 from the 200 may accumulate sixteen consecutive 8 bit data val- 
CPU 100 through I/O ports 102 to generate WHO* 35 ues from the CPU before that data is placed on the 

through WE3* in the pin memory write enable decoder memory data lines. To operate in the first mode, system 

208. command CMD14* is asserted. This signal is inputted to 

Each of the memories 214 is able to generate digital NOR gate 430, whose output is inverted by gate 432 to 

test signals for two of the D selectable switches. Thus, generate M W* which, as previously discussed, enables 
for a total of sixteen selecUble D switches per board, 8 40 pin memory write enable decoder 208 (see FIGS. 2(fl) 

memories are required. The devices that are used in tiie and 2{b)) to write the 8 bits into the memories 214. With 

preferred embodiment of the invention for the pin mem- the assertion of CMD14*, the data that is presented by 

ories are 16x4 bit random access memories such as a CPU 100 to the "A" inputs of multiplexer 424 is muxed 

74LSi89 manufactured by National Semiconductor, onto the memory data lines and strobed into the pin 
Inc. It will be appreciated by those of ordinary skill in 45 memories 214 enabled by one of the four write enable 

the art that memory devices of different storage capac- signals, WEO* through WE3*, generated on the output 

ity could be substituted for the memories used in the of pin memory write enable decoder 208. 

preferred embodiment, such as four 16x1 memory For the first mode of operation, the output of pin 

chips. Therefore, each pin memory requires four bits of memory address multiplexer 206, MAO* through 
data input and four bits of address input to address and 50 MA3*, is derived from an address specified by CPU 100 

store data in each of the addressable memory locations. on the data lines of one of the output ports of I/O ports 

Since the data lines from pin memory data transfer 102. The signal DTMA MUX is not asserted in this 

controller 200 total 8, two memories or two test signal mode, but the signal DCLR* is. Therefore, pin memory 

generators are programmed at the same time. There- address multiplexer 206 is selecting the data lines from 
fore, by bussing a write enable signal to two consecutive 55 one of the I/O ports 102 output ports to generate the 

pin memories, only four pin memory write enable sig- memory address lines. For each 8 bit data word that is 

nals need be generated. The function of pin memory to be strobed into the pin memories, a CMD14* signal 

write enable decoder 208 is to generate those four write must be asserted. 

enable signals. The memory group address lines MGO For the second mode of operation of data transfer 
and MGl specify which of the four groups of two-pin 60 controller 200, in which sixteen consecutive 8 bit data 
memory chips are to be enabled, and when M W* is true, words will be stored before transferring to the memo- 
decoder 208 generates one of the four pin memory en- ries 214. two steps must occur. First, each 8 bit data 
able signals WEO* through WE3* specified by MGO word must be strobed into an 8 bit shift register 400. and 
and MGl. second, the contents of shift register 400 must be trans- 
Test signal address generator 202, responding to a 65 ferredinto 16x8 bit shift register 422, which is actmg as 
START CYCLE* from test controller 104. generates the buffer storage device. When shift register 422 is fuU, 
the Gray code memory address lines. GMAO through system command CMD2* is asserted to initiate the 
GMA3, which are also inputted to pin memory address sequence of transferring the contents of shift register 
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422 through multiplexer 424 onto the memory data enable clock is generated for each memory address 
lines. For each 8-bit data word that is supplied from I/O specified by the data transfer addresses DTMAO 
ports 102 output port number 3 to the input of shift through DTMA3 to store in the memories 214 the 8 
register 400, PORT 3 STROBE* is asserted to strobe data bits multiplexed onto the memory data lines MDO 
the 8-bit data word into the shift register 400. At the 3 through MD7 from shift register 422. 
same time, PORT 3 STROBE* resets set-reset flip-flop The above sequence continues until sixteen 8 bit data 
402 to a logic zero. The Q output frx>m flip-flop 402 is words from shift register 422 have been transferred to 
inputted to NOR gate 404, whose output switches to a the pin memories. At the completion of the transfer, the 
logic zero and removes a clear signal to cascaded binary Qc of counter 412 goes true causing interter gate 408 to 
counters 410 and 412. Removing the clear signal to 10 set flip-flop 401 to a logic 1. This causes NOR gate 404 
these two counters enables them to begin counting a 2 to once again assert a clear signal to the counters 410 
MHZ internal clock generated by test controller 104. and 412. Because the Qc output of counter 412 initiates 
The Qc and Qd outputs from counter 410 and the Q^^ the clear signal, the Q^ output of counter 410 will gener- 
output from counter 412 are decoded in OR gates 416 ate 16 cycles before the counting is stopped. Thus, 
and 418 to provide an enabling signal when any one of 15 when Qcgoes true and initiates the clear to counter 410 
these three signals is true. This enable signal is inputted and 414, the sequence of transferring the sixteen 8-bit 
as one input to AND gate 420. The other input of AND data words to the memories 214 is complete, 
gate 420 is the Q^ of counter 410, which is the highest Referring now to FIG. 2(b), which is a block diagram 
frequency signal on the Q outputs of counters 410 and of pin memory 112 and pin drivers 118, the contents of 
412 that are used by controllers 200. As a result, the 20 memory 214 used to generate one of the Gray code test 
output of gate 420 generates 7 shift pulses to shift regis- signals are shown as a sequence of ones and zeros stored 
ter 400 when the enable signal on the output of OR gate in the sixteen memory locations. Shown above each of 
418 is at a logic 1. Inverter 414 inverts the Qjof counter the bit memory locations is the pin memory address, in 
410 to generate 8 shift pulses to shift register 422. Be- hexa-decimal notation, that will produce on the mem- 
cause shift register 400 is presenting one of the 8 data 25 ory output data and enable lines, DO and HO, the bit 
bits to the input of shift register 422 before the genera- contained in the memory locations shown below the 
tion of any shift pulses, only 7 shift pulses are required address. 

by register 400 to input all 8 bits to register 422; while 8 The generation of a digital test signal which are ap- 

pulses are required by register 422 to load that data. plied to the contacts of the selectable D switches from 

When the output of NOR gate 404 removes the clear 30 data contained in the contents of memory 214 are the 
signal to the binary counters 410 and 412, they begin to same, and only a discussion of one will be given. Still 
generate output signals each of which is half the fre- referring to FIG. 2(6), the sequence of ones and zeros 
quency of the previous output signal. Thus, selecting produced on the output by the addressing of memory 
three successive outputs would generate 8 possible 214 during a test cycle is inputted to the DRO switch 
states, selecting 4 successive outputs would generate 16 35 driver 216. The output signial from this driver is the 
possible states, etc. Using this technique, the Qb output digital test signal that drives the DUT via the selectable 
of counter 410 generates 8 cycles from the time the DRO switch. The character of the digital test signal that 
enable signal from gate 418 went true until the Qb out- is generated from the data stored in memory 214 is 
put of counter 412 goes true. In this manner, the 8 bit controlled by the sequence of addresses with which the 
data word that was strobed into shift register 400 by 40 memory 214 is addressed. Two memory 214 output 
PORT 3 STROBE* is serially clocked into shift register signals are required to generate a digital test signal, one 
422. When the Q^ output of counter 412 goes true at the called the data bit; the other the enable bit. The data bit 
end of the eighth shift pulse to shift register 422, set- is the output signal from memory 214 that is Ibeled DO, 
reset flip-flop 402 is set to a logic one. This causes NOR while the enable bit is the output labeled EO. As wOl 
gate 404 to once again assert a clear pulse clearing 45 more fully be discussed below, each memory location, 
counters 410 and 412 back to a counter of 0. Thus, in the from memory address 1 through E, can select a differ- 
second mode, the above-described sequence is repeated ent wave form from the set of Gray code wave forms to 
for sixteen consecutive 8 bit data words. be generated by the DRO switch driver 216. 

When shift register 422 contains sixteen 8 bit data Turning now to FIG. 3 and still referring to FIG. 

words, asserting CMD 9* initiates the transfer of the 50 2(b), the test signal timing diagram is illustrated for 

contents of shift register 422 to the memories 214 (see various selectable Gray code test signals, each signal 

FIGS. 2(d) and 2(b)). With the assertion of CMD 9*, including an initialization and preset portion. There are 

set-reset flip-flop 401 is cleared to a logic zero. This sixteen addressable memory locations in memory 214. 

causes NOR gate 404 to remove the clear signal to the The contents of the memory 214 for addresses 0 and F 

binary counters 410 and 412. Also, the Q output of 55 control the initialization and preset portion of the digital 

flip-flop 401 causes the 8 bit multiplexer 424 to select wave form. The initialization and preset portion of the 

the output from shift register 422 applied to its "B" digital wave form is generated at the start of a test cy- 

inputs, as the source of the data for the memory data cle. With two of the memory 214 storage locations used 

Imes MDO through MD7. Inverter 426 inverts the select up for the initialization and preset data, only fourteen 

line of multiplexer 424 to generate the control signal 60 Gray Code test signals can be specified by the remain- 

DTMA MUX that is used by the pin memory address ing memory locations. This number, of course, can be 

multiplexer 206 (see FIG. 2(a)) to enable the data trans- increased or decreased by increasing or decreasing die 

fer memory address lines DTMAO through DTMA3, memory capacity of memory 214. It is tlie distinguish- 

generated by counters 410 and 412, to be multiplexed ing characteristic of a Gray code set of wave forms that, 

onto the memory address lines MAO* through MA3*. 65 when all the waveforms are viewed simultaneously, for 

The signal DTMA MUX is ANDED with the Qb out- any given cycle of a clocking wave form which gener- 

put of counter 410 by NAND gate 428 to generate ates the digital signals, only one signal will have a tran- 

MW* on the output of inverter gate 432. Thus, a write sition from one logic level to the other. In other words, 
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no more than one transition iii all the wave forms that The illustrated wave form fi in FIG. 3 is the signal 
comprise the Gray cx>de occur for any given clock generated from the data that is shown as stored in mem- 
cycle. To select one of the Gray code test signals, a "1" ory 214 in FIG. 2(b), On the first occurrence of the 
is recorded in pin memory 214 at the address that corre- memory address 3, DRIVE ENABLE fz is asserted and 
sponds to the desired wave form, and zeros are re- S on the first occurrence of address 4, DRIVE ENABLE 
corded at the other addresses. Thus, for wave form fz is cleared The dotted wave forms that are shown for 
number 2, a 1 is recorded in memory location 2; or for the signals k and DRIVE ENABLE fa are the signals 
wave form number 13, a "r* is recorded in memory that would have been generated had there only been a 
location D. "1" stored in the enable bit address location 0. As illus- 

In addition to the fourteen Gray Code test signals trated in FIG. 3, a transition in the DRIVE ENABLE 
that can be generated from daU stored in memories 214, f signals occur on the first occurrence of a pin memory 
other digital test signals are possible, such as logic high, address with a **!** stored in the enable portion of mem- 
logic low, preset high (a single positive pulse at the start ory 214 for that address rather than on every occur- 
of the test cycle), preset low (a single negtive pulse at that address. This is because the illustrated 
the start of the test cycle) and the many permutations clocking signal (ESYNC) in FIG. 3 which clocks the 
that are possible in the basic Gray Code signals that are transitions in the enabling flip-flop 602 (see FIG. 6 and 
generated by the use of the initialization and preset data ^® discussion below) has been selected to occur only on 
a long with the enable data recorded in the enable por- ^® occurrence of a pin memory address. A more 
tion of memory 214. An example of just such a pcrmuta- detailed discussion of the possible variations in the gen- 
tion is illustrated in HG. 3 as signal fa. The following is ^^on of the clocking signal ESYNC is given in the 
a discussion of how the data in memory 214 generates discussions of the D sync and E sync generator 204. 
the digital test signals. referring to FIG. 3, refer also to FIG. 5 which is 

Shown m FIG. 3 is a portion of the sequence of pin ?f "^^^ diagram of the test signal address generator 
memory addresses that are generated during a test cy- generates the sequence of pin memory ad- 
cle. Also illustrated in FIG. 3 are the digital test sigmds ^^^J^^^JfL^^^ ^9* 
that are generated on the output of DRO switch driver ^j^^,?Y^T' '""^^ * 
21(5,accordingtothedataontheDOandEOoutputlines ^^^^ ^"^^ ^ through Qd outpute, 
ofthepinmemory214. A transition in the output digital 'T?^^irT S"" "^"^^^^^^^fr?!^:" 
test signal from DRO switch driver 216 is VermiLl T^T^^fr^S^^ ^ ' 
each time that a 1 is outputted on the DO, line provided S^Sf"^' T^fXl^.'^^r 
that the EO line has previously or is concun^tly ou^ f 'J w ^* sigmd CLOAD* to^^^ a four- 
putting a one. Refer^g to FIG. 3, the four wavefor^ SLi^Ej^^^^ 
fi,5^pr^thighf.p^ fo^?-^b^^ 

garding the mitiahzation and preset portion of those 35 output of couW506 is inputted to the tl^Sbh 

Z^S^^^r^, be seen that on each occurrance of ^ority encoders 5^ and 510 In^^SiX 

SZilfw \l S^TMiSfrr ^ ^ signals INIT* and PRESET*. The outputs from encod- 

^^^ttZiSL""^^^ GASsnSS^l^a^dt^^^^ 
waveforms shown in FIG S DKIVB ENABLE fi ^ g^fc^d^m'^^^^^^ 

went true dunng the mitialization portion of the test gMA3, which are inputted to^memory 206 (le 

^^t^' r J . r .1. , ^I^- ^^))- I^own counter 506 counts down from an all 

For the miti^tion and preset time of the test cycle. ,.5 maximum count to a count of 0. When counter 

the sequence of pm memory addresses is, in sequence, 506 reaches a count of 0, one complete cycle of the 

address 0, address F, an address d^gnated as "don't 45 Gray code test signals is complete. If more than one 

care , and once again, address F The address desig- cycle of the Gray code signals are desired, the signal 

nated as don t care is so labeled because regardless of dCLR* from test controller 104 is not asserted, and 

what address is generated by test sigial address genera- down counter 506 continues to count down from a 

tor 202. sigmils DSYNC and ESYNC are absent, as count of 0 to the next count which is once again an all 

nothmg B permitted to happen m the DRO switch 50 I's count to begin the next cycle. However, for this and 

dnver216tocauseachan^^ each subsequent cycle in the Gray code signals, no 

Illustrated m FIG. 3 for the wave forms fi and its deriv- initialization or preset addresses, 0 or F, will occur, 

atives showmg the four possibilities for the initialization Two clocking signals are generated by the D and E 

and preset portion. The generation of these four wave sync generator 204 to be used by the test signal drivers 

forms IS possible for each of the fourteen Gray Code 55 118 to generate the digital test signals on the output of 

test signal. For the wave forms illustrated, the signal the D switch drivers 216. These two signals are called 

DRIVE ENABLE fi was asserted at address 0 in the DSYNC* and ESYNC*. FIG, 3 also illustrates these 

imtialization and preset portion of the test cycle by two signals. Except for the address "don't care" m the 

havmg a "1" recorded in the enable portion of memory initUization and preset portion of the sequence of pin 

214 at address 0. A different result would have occurred 60 memory addresses and on the last occurrence of the "F' 

had the enable bit been stored in a different memory address in the test cycle, the signal DSYNC* is the same 

location. This result is illustrated for the wave form f2in as the clock signal MCKL*. On the other hand, the 

which the enable portion of memory 214 has a "1" signal ESYNC* has the characteristic that it may occur 

recorded in location 3 and location 4. The result of two on the first occurrence of each of the pin memory ad- 

l*s recorded in the enable portion of the memory 214 is 65 dresses or may occur on the occurrence of any one or 

an enabling of the DRO switch driver 216 on the first all of the memory addresses. 

occurrence of a "1" on the EO, and a disabling of f2 on Referring still to FIG. 5, in which is shown the circuit 

the second occurrence of a "1" on EO. diagram for the D and E sync generator 204, the signal 
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DSYNC* is derived from MCKL but is enabled only in magnitude comparator 520, because the Gray Code 
during a test cycle through AND gate 528 and inverter memory address is an all 0*s or •*0'* address only during 
530 by the signal DCLR*. Also, during the initialization the initialization and present time, which occurs only at 
and preset time of the test cycle when the third pin the start of the test cycle. 

memory address is generated ("don't care" address), all 5 The signals DSYNC* and ESYNC* are inputted to 
input signals to priority encoders 508 and 510 are at a test signal drivers 118 to clock each DR switch driver 
logic one. This causes the PRESET DISABLE output 216 to generate the digital test signal on the output of 
from priority encoder 510 to be at a logic 0. This level the driver (see FIG. 2ib)), Shown in FIG. 6 is a circuit 
causes DSYNC* to remain high for that "don't care" diagram of a typical DR switch driver 216. Since all of 
pin memory address in the initialization and preset por- 10 the DR switch drivers 216 of test signal drivers 118 are 
tion. Because changes in the output of the digital test identical in operation, only a discussion of one will be 
signal from the D switch driver 216 are clocked when given. The data (DO) and enable (EO) lines from mem- 
the signal DSYNC* goes false in the middle of a pin ory 214 for test pin 1 of the bed of nails 122 are inputted 
memory address, for the "don't care" pin memory ad- to D switch driver 216 of FIG. 6 to provide the J and K 
dress of the initialization and preset time, no transition 15 inputs for flip-flops 600 and 602, respectively. Flip-flop 
m DSYNC* occurs; thus the label "don't care". 600 is clocked by DSYNC which is the buffered inverse 

StiU referring to FIG. 5, the signal ESYNC* may be of DSYNC* (see FIG. 2(6)), while flip-flop 602 is 
selected to occur on only the first occurrence of each of clocked by ESYNC, also buffered. The Q and Q* out- 
the pin memory addresses, or it can be selected to occur puts from flip-flop 600 provide inverse digital signals 
on every occurrence of any address or on every ad- 20 that control the conduction state of a complimentary 
dress. This flexibility is achieved as follows: A four-bit pair of field effect transistors Qi and Q2. These two 
data word is inputted to the D sync and E sync genera- transistors switch the output signal DRO between the 
tor 204 from the CPU 100 and on the assertion of power supply and ground potential for the DUT being 
CMD13*, is strobed into a sixteen-bit latch formed from tested to provide the voltage swing for the digital test 
addressable latches 532 and 534. Each of the sixteen 25 signal. Ground potential for the DUT is the same as for 
latches corresponds to one address in the possible six- the tester. 

teen pin memory addresses. The output from latches Before the Q and Q* outputs of flip-flop 600 are al- 
532 and 534 are inputted to multiplexers 536 and 538, lowed to control the transistors Qi and Q2, the enable 
respectively. Also inputted to multiplexers 536 and 538 flip-flop 602 must be clocked to a logic 1 by ESYNC, 
are the Gray Code pin memory addresses GMAO 30 Open-collector NAND gate 604 combines the Q output 
through GMA3. The multiplexed output from multi- of flip-flop 602 with the Q output of flip-flop 600 to 
plexers 536 and 538 are bussed together to form an provide the control signal for transistor Qi. Open-col- 
enabling signal to one input of AND gate 540. The lector AND gate 612 combines the Q output of flip-flop 
latches 532 and 534 can be programmed to contain all 602 and the Q* output of flip-flop 600 to provide the 
zero's or all one's or any of the combinations of one's 35 control signal for transistor Q2. 
and zero's that are possible. In operation, during the test Driver output DRO has three allowable states: First, 
cycle as the Gray Code pin memory addresses are gen- when neither transistor QI nor transistor Q2 is conduct- 
erated, the contents of the latch from latches 532 and ing, the driver DRO is said to be disabled. When the 
534 that corresponds to the generated address is multi- driver is disabled, it does not stimulate the device under 
plexed to AND gate 540. If a one was stored in the 40 test. This disabled state is obtained whenever enable 
latch, AND gate 540 is enabled to pass one cycle of flip-flop 602 is cleared to a logic zero. The output of 
MCKL to OR gate 542 whose output, acting through AND gate 612 is low, turning off N-channel-transistor 
inventor 544, generates the signal ESYNC*. If a zero Q2. The output of open-coUector NAND gate 604 is 
was stored in the latch, AND gate 540 is disabled and pulled up to "Driver V+" potential by resistor 608. 
no ESYNC* signal will be generated. Thus, the signal 45 turning off P-channel transistor QI. In the disabled 
ESYNC* can be programmed to occur on any address state, the output of the driver will be an open circuit 
by storing a one in the appropriate latch in latches 532 Therefore, it is possible to have both the D and the F 
and 534. switch for this test pin selected. During the test cycle, 

It is also possible to have ESYNC* occur only on the when the driver is disabled, the same node into which a 
first occurrence of the pin memory address during the 50 digital test signal was or could have been inputted, a 
test cycle. This is accomplished by a four-bit binary response signal could also be monitored. For some logic 
counter 522 in association with a four-bit magnitude devices, that is the manner in which they function. For 
comparator 520. At the start of the test cycle, counter example, some memory devices require that an addr^s 
522 is cleared to a count of 0. The binary count from be inputted on the same line that the contents of the 
counter 522 is compared to the binary code on the Gray 55 memory specified by that address is outputted on. Be- 
Code pin memory address lines GMAO through causeof the disable node of operation of the driver 216, 
GMA3, by four-bit magnitude comparator 520. When the D switches is not required in the set of selectable 
there is a count match, AND gate 524 is enabled by the switches associated with each test pin in the bed of nails 
"A=B" output ofcomparator 520, to permit one cycle 122. Second, when transistor QI is conducting, the 
of MCKL to be applied as the other input to OR gate 60 driver output will be high. This state is obtained which- 
542 and thus to generate the signal ESYNC*. The out- ever enable flip-flop 602 and data flip-flop 600 are both 
put from AND gate 524 is inverted by inverter 526 and set. The output of open-collector NAND gate 604 is 
provides a clock signal to counter 522, This increments low, stimulating the P-channel transistor QI. Third, 
counter 522 to the next address. The first occurrence of when transistor Q2 is conducting, the driver output will 
this address by the pin memory address generator 202 65 be low. This occurs when enable flip-flop 602 is set and 
will enable another ESYNC* to be generated. Once data flip-flop 600 is cleared. The output of AND gate 
counter 522 has been incremented sixteen times and 612 is high, stimulating the N-channel transistor Q2. 
reaches a count of 0 there will never be another match Note that for either transistor to conduct, the enable 
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flip-flop 602 must be set, and that transistors Ql and Q2 
may not conduct simultaneously. In addition, the tran- 
sistors are able to pass 150 milliamperes, enough to 
drive a logic node "in-circuit". 



(mode latch #2) in association with the data on the data 
lines illustrated in Table 1. The system commands that 
are generated by command decoder 710 are used to 
start and stop various functions within the digital tester 
101. 



TABLE I 










CMDO* 


Master Reset 






CMDl* 


Trigger An Execution Cycle 






CMD2* 


Reed Set 






CMD3* 


Reed Clear 






CMD4* 


Reed Group Clear (RCLR*) 






CMD5* 


Control Reed Latch 




Data Line Control Reeds 




0 


Response Line Connect 






I 


Connect E Pole Reed 






2 


Ground E 






3 


Stimuli F 






4 


Ground G 






5 


not assigned 


CMD6* 


Mode Latch #1 




Data Line Mode Latch #1 






0 


DUT — Reed 






1 


DUT + Reed 






2 


DUT + 5V Supply Relay 






3 


DUT + RV Supply Relay 






4 


not assigned 






5 


not assigned 


CMD7* 


Mode Latch #2 . 




Data Line Mode Latch #2 






0 


Count*/High* Reg Select 






1 


BAOR* 






2 


EXT CLOCK SELECT* 






3 


not assi^ed 






4 


not assigned 






5 


not assigned 


CMDS^ 


Shift Result Registers 






CMD9* 


Program Data Transfer 






CMDIO* 


MC & RA & RG Latch 






CMDU* 


Threshold Voltage Latch 






CMD12» 


Clock Division Latch 






CMD13» 


ESYNC Set 






CMD14» 


MEM Write 






CMD15* 


Clear ESYNC Memory 






CMD16* 


Not Assigned 






CMD17* 


Not Assigned 






CMD18* 


PICA Busy Set 






CMD19* 


PICA Busy Reset 






CMD20* 


Intenipt Enable 






CMD21* 


Interupt Disable 






CMD22* 


X Relay Strobe (STROBE) 










CMD23* 


X Relay Master Clear (MCLR) 






CMD24* 


Not Assigned 






CMD25* 


Not Assigned 






CMD26* 


Not Assigned 






CMD27* 


Not Assigned 






CMD28* 


Not Assigned 






CMD29* 


Not Assigned 






CMD30* 


Not Assigned 






CMD3I* 


Not Assigned 







diagram of test controller 104 and functional tester 106, 50 
the command decoder 710 of test controller 104 is 
shown connected to one of the CPU 100 I/O 102 ports. 
The function of command decoder 710 is to accept an 
8-bit digital code from CPU 100 and decode it to gener- 
ate one of thirty-two system conmiands CMDO* 55 
through CMD31*. Command decoder 710 also gener- 
ates the miscellaneous system commands, such as board 
address override BAOR*, functional test COUNT*, 
functional test HIGH*, and EXT CLOCK SELECT*. 
Shown in Table 1 is a list of the system commands along 60 
with its functional name. System commands CMD5* 
through CMD7* are used to strobe date from the CPU 
100 into latches (not shown) that function to generate 
other signals used by the tester 101 to perform various 
functions. The signals generated by these three system 65 
commands, CMD5* through CMD7*, are also shown in 
Table 1. In particular, the miscellaneous system com- 
mands mentioned above are generated by CMD7* 



In order to accommodate the various logic voltage 
levels used by different DUT's, test controller 104, in 
response to input data from CPU 100, generates a nega- 
tive threshold voltage, (-) THRESHOLD, of a value 
somewhere between the logic low and logic high for 
that family of integrated circuits. This threshold voltage 
is sunmaed with signals from the DUT to generate a 
voltage that is applied as an mput to a comparator. 
When the DUT signal is equal to a positive threshold 
voltage, the summed voltage will be zero. A more de- 
tailed discussion of the summing circuits will be given 
below in the discussion of the response line interface 
720. The signal (— ) THRESHOLD is generated when 
system command CMD18* strobes an 8-bit digital word 
from the CPU 100 into threshold voltage latch 700. The 
output of latch 700 is inputted to digital-to-analog con- 
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verter 702, which generates a negative voltage specified will be asserted. To better understand the function of 
by the binary contents of the threshold latch 700. listen enable generator 712, refer to FIG. 10, which 

The system clock which is generated by and used in illustrates the timing diagram for five possible digital 
the digital tester 101 circuits as the master clock is gen- . test signals that are members of the set of digital test 
erated by master clock generator 706. The system S signals. Each transition in the illustrated waveforms of 
clocks MCKL and MCKL* are outputted by master FIG. 10 occurs when the pin memory address for that 
clock generator 706 by dividing down an 8 MHZ oscil- test signal occurs (see FIG. 3). Thus, a transition in fa 
lator clock signal from intern^ oscillator 708 in a di- occurs when the address "3" occurs. The listen enable 
vide-by-N counter. The value of N is specified by the generator 712 generates LISTEN* during the time that 
contents of divide-by-N counter latch 704. System com- 10 two preselected test signals are at a logic one and that a 
mand CMD12* strobes an 8-bit data word (N) from first preselected pin memory address has occurred and 
CPU 100 into latch 704 to program the divide-by-N that a second preselected pin memory address has not. 
counter. Oscillator 708 also provides a 2 MHZ osdlla- In other words, LISTEN* can occur between the first 
tor clock signal for use by the pin memory data transfer occurrence of two pin memory addresses but will not be 
controller 200 (see FIG. 4). When an external clock 15 asserted until two other test signals are simultaneously 
other than the 8 MHZ internal clock is to be used, EXT in a logic one state. For example, FIG. 10 illustrates the 
CLOCK SELECT* is asserted to control master clock generation of LISTEN* that is enabled between ad- 
generator 706 to select the EXT CLOCK input as the dress 1 and address 4 with the added conditions that h 
source of the clock signal to the divide-by-N counter. and k are at a logic one. 

Interface circuit between the tester 101 and DUT signal 20 The signal LISTEN* is generated as follows: Listen 
levels of the same design that are discussed below for enable generator 712, as shown in FIG. 8, has a 16 x4 
the response line interface 720 are used to interface the bit memory 804 which is similar to the memories 214 in 
EXT CLOCK signal into the master clock generator pin memory 112 (see FIG. 2(A)). Inputted to memory 
706. 804 are the pin memory address signals MAO through 

Still referring to FIG. 7(a), start test cycle generator 25 MA3. These address signals, as previously discussed, 
714, in association with the listen enable generator 712, are generated both during the test cycle and also during 
controls the starting and stopping of the test cycle in the initialization of the digital tester 101. Also inputted 
which the digital test signals are generated and the to memory 804 are write enable and data input lines 
response line signal monitored by the functional tester from CPU 100. During the initialization of the digital 
106. Responding to start test cycle generator 714, listen 30 tester 101, data on the data lines MD4* through MD7* 
enable generator 712 also generates a listen enable signal are strobed into memory 804 by asserting bit 7 of port 
LISTEN* that is inputted to the functional tester 106 to #1 while the pin memories 112 are being programmed, 
allow the functional tester 106 to examine the response During the test cycle, the contents of memory 804 are 
line signal 128 when the listen enable signal is true. outputted to flip-flops 806, 808, 810 and 812 under con- 

FIG. 8 illustrates the circuit diagram for start test 33 trol of the Gray Code pinmemory address that are used 
cycle generator 714 and the listen enable generator 712. by memories 214 to generate the digital test signals for 
Start test cycle generator 714 generates the signal the test pins. The J and F inputs to flip-flops $06, 808 
START CYCLE* to indicate the beginning of a test and 810 are connected to one of the four output bits 
cycle. Upon the issuance of the system command firom memory 804. The J and K inputs to flip-flop 812 is 
CMDl*, flip-flop 800 is clocked by MCKL a logic 1 40 connected to the output from AND gate 816 that has as 
thus enabling one input of NAND gate 814. Because the one of its two inputs, the last of the four bits from mem- 
Q output of flip-flop 800 was at a logic 0 prior to the ory 804, This bit is enabled through AND gate 816 by 
issuance of CMDl*, the Q* output of flip-flop 802 is at the signal INIT COMPLETE (see FIG. 5) from the test 
a logic 1 when CMDl* is asserted. This signal is input- signal address generator 202. INIT COMPLETE goes 
ted to NAND gate 814 as well as the Q output of flip- 45 true at the end of the initialization and preset portion of 
flop 800 so that on the occurence of a logic 1 on the Q the test cycle. The signal INIT COMPLETE is used to 
output of flip-flop 800, the output of NAND gate 814 prevent the addresses which occur during the initializa- 
asserts START CYCLE*. One MCKL cycle later, tion and preset portion of the test cycle from terminat- 
flip-flop 802 is clocked to a logic zero causing the out- ing the test cycle should those addresses be used in the 
put of NAND gate 814 to switch back to a logic one. 50 generation of LISTEN*. 

Thus, START CYCLE* is asserted for one clock cycle The Q ouputs from flip-flop 806 and 808 are inputted 
of MCKL. Following the assertion of START CY- to four input AND gate 826 whose output is the signal 
CLE*, DCLR* goes true to indicate that a test cycle is LISTEN*. The function of flip-flop 806 is to enable one 
occurring. The Q output of flip-flop 802 is DCLR* inputto AND gate 826 when the first occurence of a pin 
which assumes a logic 1 state during a test cycle. A test 55 memory address occurs thereby signifying that one of 
cycle will continue as long as flip-flop 802 is at a logic the possible Gray Code signals has gone to a logic one. 
one. The three signals START CYCLE*, DCLR* and The function of flip-flop 808 is the same as 806. The Q 
its inverse DCLR are used throughout the digital tester output from set-reset flip-flops 820 and 822 are inputted 
101 to enable and disable the various functions that are as die two remaining inputs to AND gate 826. Flip-flop 
performed. 60 820 is set when flip-flop 810 is clocked to a logic one 

The listen enable generator 712, as shown in FIG. 8, and flip-flop 822 is reset (flip-flop 822 was set at the start 
determines the length of the test cycle and generates a of the test cycle by DCLR*) by the Q output of flip-flop 
listen enable signal LISTEN* that enables the func- 812 through NAND gate 824 which was enabled by the 
tional tester 106 to monitor and test the response signal Q output of flip-flop 820 after flip-flop 820 has been set. 
128 during a test cycle. LISTEN* will be enabled from 65 In operation, the memory 804 is programmed with logic 
the first occurrence of a selected pin memory address, one's in the appropriate memory locations so that on the 
although it may not actually be asserted at that time. occurrence of the pin memory address, during a test 
Further conditions must also occur before LISTEN* cycle, that are selected to start and stop the generation 
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of the signal LISTEN* during a logic high of any two command CMD8*. Each assertion of CMD8* clocks 1 
Gray Code signals, a logic one will be outputted to bit of the cyclic redundancy check code into the CPU 
flip-flops 806, 808, 810 and 812. When flip-flops 806, 808 100. 

and 810 have been set, LISTEN* will be asserted. As discussed above, the COUNT and HIGH function 
When flip-flop 812 is set, LISTEN* will go false tenni- S tester 726 either counts the number of transitionsin 
nating the enable signal to the functional tester 106 and RDATA during the test cycle or counts the number of 
the test cycle will be terminated. The Q output of flip- system clocks during the test cycle when RDATA was 
flop 822, which is reset when flip-flop 812 is set, is the true. When the functional test COUNT is true, a cas- 
signal STOP CYCLE which is inputted to the start test caded connection of BCD counters 934, SK36, 938 and 
cycle generator 714 to terminate the test cycle. 10 940 count the number of positive transitions of the re- 

Now turning to FIG. 1(a), functional tester 106 is sponse signal RDATA that occurred during the test 
shown, composed of response interface 720 responding cycle. The signal COUNT* is ANDED with the signal 
to the response signal input 128 and the (-) THRESH- RDATA through AND gate 930 to generate the clock 
OLD voltage to generate the response signal RDATA. gigng] for BCD counters. When the mhibit signal 
Also associated with the output of response line inter- 15 LISTEN* goes false, the BCD counters are allowed to 
face 720 is an analog-to^iigital converter 722, for con- ^ manner, for the functional test 

verting the analog response line signal 128 to an 8 bit hjqh, NAND gate 932 generates a clock signal to the 
digital rer««ntation. The output of analog-to-digital gcD counters from the system clock MCKL when the 
converter 722 is mputted to CPU 100 through one of signal RDATA is true 

the input ports of I/O ports 102 when the analog voU- 20 completion of both the COUNT and HIGH 

age of the response hne is desired Functional tester 106. ft^^tional test, the contents of the BCD counters are 
m addition to the andog-to-digital coe^^^ per- ^^^ i^^^ onto a single line and inputted to CPU 100. 

fonns three other tests. Fin^ the CRC Action te^^^ This multiplexing is ^omplished by binary counter 
724momtorsabits^eam of rsandOsonRDAT^^^^ on^f-four decoders 9i6 and 918. The 

LTScrKet^^^ " outpu. jom^chof^^^ 

COUNT and HIGH function tester 726 counts thenum- « ^^^^ ^^.^^^ each counter. The common 

ber of transistions that occurred in RDATA during the outputs from each of Ae count^^ 
test cycle for a COUNT test, while the HIGH test S^,^' ^"^^ c"" f^^ 

counts the number of system clocks MCKL that occur 30 J^^^l ^IT^^^"^ ^^^f' command 

during the logic high periods of the response signal f ""T^^ IT*^ "^^^"^ T^^^ ^ 

j^y^j^ I- ijj^ digital code m which the two lower order bits are 

Referring now to FIG. 9. which illustrates the circuit ^^P^^, to onenof-four decoder 916, to generate four 
diagram of the functional tester 106, the response line «^ble signals. The two upper bits are mputted to one- 
signal 128 is shown inputted to buffer amplifier 902 35 of-four encoder 918 to generate four sdect^^^^ 
through series resistor 900. The input voltage to buffer ^Ll!"^ -SP^H?^ multiplexer NAND ^tes 
902 is diode limited between + 15 volts and analog ^20, 922, 924 and 926. The bussed output of each of the 
ground by diodes D\ and D2. The output of buffer am- ^^D counters is inputted as the other input to each of 
plifier 902 is inputtedto resistor 905 and to the analog- multiplexer NAND gates. The outputs of the 
to-digital converter 722. The output of buffer amplifier 40 multiplexer NAND 920, 922, 924 and 926 are connected 
902 is summed with the (-) THRESHOLD voltage together to form the smgle output signal COUNT AND 
generated by the digital-to-analog converter 702 (see HIGH RESULT , which is mputted to the CPU 100 via 
FIG. 7(a)), to form the input voltage to comparator 906. ^ ""put port of I/O ports 102. These multiplexing cir- 
Resistors 904 and 905. which are both connected to the cuits function so that each assertion CMD8* causes 
input of comparator 906, comprise the summing net- 45 each succeeding output from the four cascaded BCD 
work which adds the (-) THRESHOLD voltage to counters 934, 936, 938 and 940 to be sequentiaUy multi- 
the output of buffer 902. Diodes D3 and D4 are con- P^exed onto the COUNT AND HIGH RESULT signal 
nected, in parallel but opposite directions, from the 

input of comparator 906 to analog ground. With this When the results from the functional tester 106 have 

configuration. D4 limits positive voltages while D3 50 been inputted to the CPU 100, routines wOl be executed 

limits negative voltages. In this way, the input voltage to compare the measured result to a result that would be 

to comparator 906 is limited to voltages of a plus or expected from a properly functioning DUT. Based on 

minus one diode drop about the mid-point of the ex- this comparison, a determination is made as to how the 

pected response signal swing of the response line 128. DUT performed. 

The output of comparator 906 is the signal RDATA, 55 In describing the invention, reference has been made 

which is inputted to the CRC 724 and COUNT and to a preferred embodiment. However, those skilled in 

HIGH 726 function testers. the art and familiar with the disclosure of the invention 

As shown in FIG. 9, CRC function tester 724 uses a may recognize additions, deletions, substitutions or 

CRC generator/checker, such as that manufactured by other modifications which would fall within the pur- 

Fairchild Semiconductor model 9401, described in their 60 view of the invention as defined in the appended claims. 

1976 catalog entitled "micro-logic", which catalog is What is claimed is: 

incorporated herein for all purposes. This device gener- 1. Apparatus for the in-circuit testing of the electrical 

ates a cyclic redundancy check code on the signal properties of components of a circuit, comprising: 

RDATA. The system clock MCKL, when not inhibited (a) a central processing unit for controllhig the tests 

by LISTEN*, clocks CRC generator 724 through 65 to be performed and for interpreting the results of 

NAND gates 908 and NOR gate 910. At the completion said tests; 

of the test cycle, the contents of the CRC generator 724 (b) electrical test pins, contactable with electrical 

are clocked into CPU 100 with the assertion of the nodes in said circuit; , . 
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(c) sets of selectable switches, one set associated with 
each of said test pins, for connecting each of said 
test pins to at least one of a plurality of signal lines 
associated with each said pin, said signal lines in- 
cluding a response signal line; 5 

(d) a plurality of digital test-signal generators, each of 
said generators being associated with one of said 
test pins, for generating at least one digital test 
signal from a set of test signals, the output line from 
each of said generators comprising one of the plu- 10 
rality of signal lines for the test pin associated with 
said generator; 

(e) switch-selecting means responsive to the central 
processor, for selecting at least one of said select- 
able switches, to connect selected ones of said test 15 
pins to their associated plurality of signal lines, 
thereby to connect one of said plurality of digital 
test-signal generators to one of the nodes of the 
circuit, and to connect a node of the circuit to the 
response signal line; 20 

(f) a test controller responsive to the central proces- 
sor, for generatmg a test cycle wherein said digital 
test-signal generators supply test signals to said 
circuit, thereby to cause the circuit to produce a 
response signal on said response signal line; and 25 

(g) a functional tester responsive to the central pro- 
cessor, for testing the signal on said response signal 
line, to determine electrical properties of said cir- 
cuit. 

2. The apparatus in accordance with claim 1 wherein 30 
said electrical test pins comprise a bed of nails tixture. 

3. The apparatus of claim 1, wherein the plurality of 
selectable switches in each of said sets of selectable 
switches includes four selectable switches. 

4. The apparatus of claim 1, wherein said selectable 35 
switches are reed switches. 

5. The apparatus of claim 1, wherein said set of test 
signals includes a set of Gray Code test signals. 

6. The apparatus of claim 5 wherein, the set of Cray 
Code test signals comprises fourteen digital test signals. 40 

7. The apparatus of claun 1, wherem each of said 
digital test-signal generators includes: 

(a) a memory address generator for generating a se- 
quence of memory addresses during said test cycle; 

(b) a first memory responsive to said address genera- 45 
tor, for outputting a logic signal to select a digital 
test signal, said memory having a specified storage 
location for each digital test signal, said logic signal 
enabling a transition in said selected test signal; 

(c) a second memory responsive to said address gen- SO 
erator, for outputting a logic signal to enable and to 
disable the generation of said selected test signal; 

(d) a synchronization signal generator responsive to 
said memory address generator for generating syn- 
chronization signals; and 55 

(e) a driver responsive to the output from said first 
and second memories, and to said synchronization 
signals, for generating the selected digital test sig- 
nal and for applying said selected digital test signal 

to an electrical node of said circuit. 60 

8. The apparatus of claim 7, wherein said sequence of 
memory addresses comprises the ordered sequential 
addresses of each of the addressable storage locations of 
said first memory and said second memory, each ad- 
dress in said sequence enabling a transition in said digi- 65 
tal test signal specified by that address. 

9. The apparatus of claim 8, wherein said first mem- 
ory further comprises a memory location for storing an 



initialization bit, and another memory location for stor- 
ing a preset bit, said initialization and preset bits specify- 
ing one of a plurality of possible beginning sequences 
for each of said digital test signals. 

10. The apparatus of claim 7, wherein said synchroni- 
zation signal generator includes: 

(a) means for generating a Hrst synchronization signal 
having a transition for each address of said address 
generator; and 

(b) means for generating a second synchronization 
signal having a transition, 

(i) on the first occurrence of each address in said 
sequence of memory addresses, or 

(ii) on each occurrence of any or all addresses in 
said sequence of memory addresses. 

11. The apparatus of claim 7, wherein said digital test 
signal generator further comprises means responsive to 
said processor for addressing and storing in said first 
and second memories digital-test-signal-generating data 
prior to the generation of said test cycle. 

12. The apparatus of claim 1, wherein said test con- 
troller includes: 

(a) an internal oscillator; 

(b) a threshold voltage generator responsive to said 
processor for generating a negative offset voltage 
to offset the voltages produced by externally gen- 
erated signals inputted to the testing apparatus, the 
external signals including an external clock signal; 

(c) a system clock generator responsive to the exter- 
nal clock signal, said processor, said oscillator and 
said threshold voltage generator, for generating a 
system clock, said system clock being derived from 
said internal oscillator or from the external clock; 

(d) a command decoder responsive to said processor, 
for generating system commands to control the 
functions of said tester; 

(e) a listen enable generator responsive to said proces- 
sor and said digital test-signal generators, for con- 
trolling the length of said test cycle, and for gener- 
ating a listen enable signal to enable said functional 
tester to perform functional tests on said response 
signal during the generation of said listen enable 
signal; and 

(f) a start test cycle generator responsive to said 
clock, said listen enable generator, and said com- 
mand decoder, for starting and stopping said test 
cycle. 

13. The apparatus of claim 12, wherein said system 
clock generator includes a divide-by-N counter. 

14. The device of claim 12, wherein saijd threshold 
voltage generator is a digital-to-analog converter. 

15. The apparatus of claim 1, wherein said functional 
tester includes a cyclic redundancy check function tes- 
ter for generating a digital code representative of the 
length and character of the serial digital data stream of 
said response signal, said code representing the signa- 
ture of said response signal. 

16. A testing apparatus adapted for use with a com- 
puter for the in-circuit testing of a circuit having electri- 
cal nodes, comprising: 

(a) a node-connecting means associated with each of 
a selected ones of said nodes and responsive to the 
computer, each selected node having associated 
therewith signal lines including a response signal 
line, for connecting each of the selected nodes to its 
associated signal lines, one of said selected nodes 
being connected to the response signal line; 
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(b) a digital test-signal generator associated with each 
said node-connecting means, for generating at least 
one digital test signal from a set of digital test sig- 
nals, the output line from each said generator com- 
prising one of the associated signal lines for the 5 
node associated with said generator; 

(c) a controller responsive to the computer, for gener- 
ating a test cycle in which selected ones of said test 
signals are applied through said associated node- 
connecting means to selected ones of said selected 10 
nodes, said circuit generating a signal on said re- 
sponse signal line in response to said applied test 
signals; and 

(d) a fimctional tester connected to the response sig- 
nal line and responsive to the computer, for per- 15 
forming functional tests on said response signal to 
determine electrical properties of said circuit. 

17. The apparatus of claim 16, wherein each said 
node-connecting means includes: 

(a) a test pin contactable with an associated selected 20 
electrical node of said circuit; and 

(b) a set of selectable switches connected to each of 
said test pins, for connecting each test pin to one of 
its associated signal lines; and 

(c) switch selecting means responsive to the com- 25 
puter, for selecting at least one of said selectable 
switches, 

(i) to connect one of said plurality of digital test- 
signal generators to one of the nodes of the cir- 
cuit, and 30 

(ii) to connect a node of the circuit to the response 
signal line. 

18. The apparatus of claini 17, wherein each said set 
of selectable switches includes a switch for connecting 
the output from one of said associated digital test-signal 35 
generators to its associated test pin. 

19. The apparatijs in accordance with claim 16, 
wherein said functional tester includes: 

(a) an analog-to-digital converter, 

(b) a counter for counting 40 

(i) the number of cycles in a clock signal that oc- 
curred when said response test signal is at a logic 
high state, or 

(ii) the number of pulses in said response test signal 
that occur in said test cycle; and 45 

(c) a cyclic redundancy check generator, for generat- 
ing a digital code for the serial bit stream of said 
response test signal, said code representing the 
signature of said signal. 

20. The apparatus of claim 16, wherein said controller 50 
includes: 

(a) a system clock generator responsive to said com- 
puter for generating a master system clock for said 
tester; 

(b) a command decoder responsive to said computer 55 
for generating control signals to control the func- 
tions of said tester, 

(c) a listen enable generator responsive to said com- 
puter and said digital test-signal generators, for 
generating a listen enable signal, to enable said 60 
functional tester to perform functional tests on said 
response signal during the generation of said listen 
enable signal, and for controlling the length of said 
test cycle; and 

(d) a start test cycle generator responsive to said 65 
system clock, said command decoder and said lis- 
ten enable generator, for starting the stoping said 
test cycle. 



21. Apparatus adapted for use with a central proces- 
sor for the in-circuit testing of the electrical properties 
of a circuit under test, said apparatus having a response 
signal line for monitoring the response signal from the 
circuit under test, the apparatus comprising: 

(a) electrical test pins, contactable with electrical 
nodes in said circuit; 

(b) a selectable switch associated with each test pin, 
for selectively connecting the associated said test 
pin to the response signal line; 

(c) a plurality of digital test-signal generators, one 
associated with each of said test pins, for generat- 
ing at least one digital test signal from a set of test 
signals, the output line from each said generator 
adapted for connection to its associated test pin; 

(d) switch-selecting means responsive to the central 
processor, for selecting one said selectable switch 
to connect a node of said circuit to said response 
signal line; and 

(e) a test controller responsive to the central proces- 
sor, for generating a test cycle wherein selected 
ones of said digital test-signal generators supply 
test signals to said circuit, thereby to cause the 
circuit under test to produce a response signal on 
said response signal line. 

22. The apparatus in accordance with claim 21 fur- 
ther comprising a functional tester connected to the 
response signal line and responsive to the central pro- 
cessor, for testing the signal on the response signal line, 
to determine electrical properties of the circuit. 

23. The apparatus in accordance with claim 21 
wherein said electrical test pins comprise a bed of nails 
fixture. 

24. The apparatus of claim 21, wherein said selectable 
switch is a reed switch. 

25. The apparatus of claim 21, wherein the set of test 
signals includes a set of Gray Code test signals. 

26. The apparatus of claim 25, wherein the set of 
Gray Code test signals comprises fourteen digital test 
signals. 

27. The apparatus of claim 21, wherein each of said 
digital test-signal generators includes: 

(a) a memory address generator for generating a se- 
quence of memory addresses during said test cycle; 

(b) a first memory responsive to said address genera- 
tor, for outputting a logic signal to select a digital 
test signal , said memory having a specified storage 
location for each digital test signal, said logic signal 
enabling a transition in said selected test signal; 

(c) a second memory responsive to said address gen- 
erator, for outputting a logic signal to enable and to 
disable the generation of said selected test signal; 

(d) a synchronization signal generator responsive to 
said memory address generator for generating syn- 
chronization signals; and 

(e) a driver responsive to the output from said fast 
and second memories, and to said synchronization 
signals, for generating the selected digital test sig- 
nal and for applying said selected digital test signal 
to an electrical node of said circuit. 

28. The apparatus of claim 27, wherein said sequence ^ 
of memory addresses comprises the ordered sequential 
addresses of each of the addressable storage locations of 
said first memory and said second memory, each ad- 
dress in said sequence enabling a transition in said digi- 
tal test signal specified by that address. 

29. The apparatus of claim 28, wherein said first mem- 
ory further comprises a memory location for storing an 
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initialization bit, and another memory location for stor- 
ing a preset bit, said initialization and preset bits specify- 
ing one of a plurality of possible beginning sequence for 
each of said digital test signals. 

30. The apparatus of claim 27, wherein said synchro- 
nization signal generator includes: 

(a) means for generating a first synchronization signal 
having a transition for each address of said address 
generator; and 

(b) means for generating a second synchronization 
signal having a transition, 

(i) on the first occurrence of each address in said 
sequence of memory addresses, or 

(ii) on each occurrence of any or all addresses in 
said sequence of memory addresses. 

31. The apparatus of claim 27, wherein said digital 
test signal generator futher comprises means responsive 
to said processor for addressing and storing in said first 
and second memories digital-test-signal-generating data 
prior to the generation of said test cycle. 

32. The apparatus of claim 22, wherein said test con- 
troller includes: 

(a) an internal oscillatoi^ 

(b) a threshold voltage generator responsive to said 
processor for generating a negative offset voltage 25 
to offset the voltages produced by externally gen- 
erated signals inputted to the testing apparatus, said 
external signals includmg an external clock signal; 

(c) a system clock generator responsive to the exter- 
nal clock signal, said processor, said oscillator and 30 
said threshold voltage generator, for generating a 
system clock, said system clock being derived from 
said internal oscillator or from the external clock; 

(d) a command decoder responsive to said processor, 
for generating system commands to control the 35 
functions of said tester; 

(e) a listen enable generator responsive to said proces- 
sor and said digital test-signal generator, for con- 
trolling the length of said test cycle, and for gener- 
ating a listen enable signal to enable said functional 40 
tester to perform functional tests on said response 
signal during the generation of said listen enable 
signal; and 

(0 a start test cycle generator responsive to said listen 
enable generator, for starting and stopping said test 45 
cycle. 

33. The apparatus of claim 32, wherein said system 
clock generator includes a divide-by-N counter. 

34. The device of claim 32, wherein said threshold 
voltage generator is a digital-to-analog converter. 

35. The apparatus in accordance with claim 22, 
wherein said functional tester includes: 

(a) an analog-to-digital converter; 

(b) a counter for counting 

(i) the number of cycles in a clock signal that oc 
curred when said response signal is at a logic 
high state, or 

(ii) the number of pulses in said response signal that 
occur in said test cycle; and 

(c) a cyclic redundancy check generator, for generat- 60 
ing a digital code from the serial bit stream of said 
response signal, said code representing the signa- 
ture of said signal. 

36. An apparatus for use with a central processing 
unit for in-circuit testing of the electrical properties of 65 
components of a circuit, said apparatus comprising: 

(a) electrical test pins, contactable with electrical 
nodes in said circuit; 
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(b) sets of selectable switches, one set associated with 
each of said test pins, for connecting each of said 
test pins to at least one of a plurality of signal lines 
associated with each said pin, said signal lines in- 
cluding a response signal line; 

(c) a plurality of digital test-signal generators, each of 
said generators being associated with one of said 
test pins, for generating at least one digital test 
signal, the output line from each of said generators 
comprising one of the plurality of signal lines for 
the test pm associated with said generator; 

(d) switch selecting means responsive to the central 
processor, for selecting at least one of said select- 
able SMdtches, to connect selected ones of said test 
pins to their associated plurality of signal lines, 
thereby 

(i) to coimect one of said plurality of digital test- 
signal generators to one of the nodes of the cir- 
cuit, and 

(ii) to connect a node of the circuit to the response 
signal line; and 

(e) a test controller responsive to the central proces- 
sor, for generating a test cycle wherein said digital 
test-signal generators supply test signals to said 
circuit, thereby to produce a response signal on 
said response signal line. 

37. The apparatus according to claim 36 fiu^her com- 
prising a functional tester responsive to the central pro- 
cessor, for testing the signal on said response signal line, 
to determine electrical properties of the components of 
said circuit. 

38. The apparatus in accordance with claim 36 
wherein said electrical test pins comprise a bed of nails 
fixture. 

39. The apparatus of claim 36, wherein each of said 
sets of selectable switches includes four selectable 
switches. 

40. The apparatus of claim 36, wherein said selectable 
switches are reed switches. 

41. The apparatus of claim 36, wherein said set of test 
signals includes a set of Gray Code test signals. 

42. The apparatus of claim 41 wherein, the set of 
Gray Code test signals comprises fourteen digital test 
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43. The apparatus of claim 36, wherein each of said 
digital test-signal generators includes: 

(a) a memory address generator for generating a se- 
quence of memory addresses during said test cycle; 

(b) a first memory responsive to said address genera- 
tor, for outputting a logic signal to select a digital 
test signal, said memory having a specified storage 
location for each digital test signal, said logic signal 
enabling a transition in said selected test signal; 

(c) a second memory responsive to said address gen- 
erator, for outputting a logic signal to enable and to 
disable the generation of said selected test signal; 

(d) a synchronization signal generator responsive to 
said memory address generator for generating syn- 
chronization signals; and 

(e) a driver responsive to the output from said first 
and second memories, and to said synchronization 
signals, for generating the selected digital test sig- 
nal and for applying said selected digital test signal 
to an electrical node of said circuit. 

44. The apparatus of claim 43, wherein said sequence 
of memory addresses comprises the ordered sequential 
addresses of each of the addressable storage locations of 
said first memory and said second memory, each ad- 
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dress in said sequence enabling a transition in said digi- 
tal test signal specified by that address. 

45. The apparatus of claim 44, wherein said first mem- 
ory further comprises a memory location for storing an 
initialization bit, and another memory location for stor- 
ing a preset bit, said initialization and preset bits specify- 
ing one of a plurality of possible beginning sequences 
for each of said digital test signak. 

46. The apparatus of claim 43, wherein said synchro- 
nization signal generator includes: 

(a) means for generating a first synchronization signal 
having a transition for each address of said address 
generator; and 

(b) means for generating a second synchronization 
signal having a transition, 

(i) on the first occurrence of each address in said 
sequence of memory addresses, or 

(ii) on each occurrence of any or aU addresses in 
said sequence of memory addresses. 
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associated with each selected node, each plurality 
of signal lines including a response signal line; 

(b) a digital test-signal generator associated with each 
said means, for generating a digital test signal for 
the circuit under test, the output line from each said 
generator comprising one of the associated signal 
lines for the node associated with said generator, 
said means 

(i) connecting one of said digital test-signal genera- 
tors to a selected node, and 

(ii) connecting a selected node to the response 
signal line; and 

(c) a test controller responsive to the computer, for 
generating a test cycle in which digital test signals 
are applied to selected nodes, the drcuit generating 
a signal on the response signal line in response to 
the applied test sig^ials. 

53. The apparatus according to claim 52 further com- 
prising a functional tester for performing functional 



47. The apparatus of claim 43, wherein said digital 20 tests on said response signal to determine electrical 
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test signal generator further comprises means respon- 
sive to said processor for addressing and storing in said 
first and second memories digital-test-signal-generating 
data prior to the generation of said test cycle. 

48. The apparatus of claim 3i7, wherein said test con- 
troller includes: 

(a) an internal oscillator; 

(b) a threshold voltage generator responsive to said 
processor for generating a negative offset voltage 
to offset the voltages produced by externally gen- 
erated signals inputted to the testing apparatus; 

(c) a system clock generator responsive to an external 
clock signal, said processor, said oscillator and said 
threshold voltage generator, for generating a sys- 
tem clock, said system clock being derived from 35 
said internal oscillator or from the external clock; 

(d) a command decoder responsive to said processor, 
for generating system commands to control the 
functions of said tester; 

(e) a listen enable generator responsive to said proces- 40 
sor and said digital test-signal generators, for con- 
trolling the length of said test cycle, and for gener- 
ating a listen enable signal to enable said functional 
tester to perform functional tests on said response 
signal during the generator of said listen enable 45 
signal; and 

(f) a start test cycle generator responsive to said sys- 
tem clock, said listen enable generator, and said 
command decoder, for starting and stopping said 
test cycle. 

49. The apparatus of claim 48, wherein said system 
clock generator includes a divide-by-N counter. 

50. The device of claims 48, wherein said threshold 
voltage generator is a digital-to-analog converter. 

51. The apparatus of claim 37, wherein said functional 55 
tester includes a cyclic redundancy check function tes- 
ter for generating a digital code representative of the 
length and character of the serial digital data stream of 
said response signal, said code representing the signa- 
ture of said response signal. 

52. An in-circuit testing apparatus adapted for use 
with a computer for the in-circuit testing of the electri- 
cal properties of components in the circuit, the circuit 
having electrical nodes at which the components ar€ 
interconnected, the apparatus comprising: 

(a) means associated with each of selected nodes, and 
responsive to the computer, for connecting each 
selected node to one of a plurality of signal lines 
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properties of the components of the circuit 

54. The apparatus of claim 52, wherein said means 
includes: 

(a) a test pin contactable with an associated selected 
electrical node of the circuit; 

(b) a set of selectable switches connected to each of 
said test pms, for connecting each test pin to one of 
its associated signal lines; and 

(c) switch selecting means responsive to the com- 
puter, for selecting said selectable switches. 

55. The apparatus of claim 54, wherein each said set 
of selectable switches includes a switch for connecting 
the output from one of said associated digital test-signal 
generators to its associated test pin. 

56. The apparatus in accordance with claim 53, 
wherein said flinctional tester includes: 

(a) an analog-to-digital converter; 

(b) a counter for counting 

(i) the number of cycles in a clock signal that oc- 
curred when said response signal is at a logic 
high state, or 

(ii) the number of pulses in said response signal that 
occur in said test cycle; and 

(c) a cyclic redundancy check generator, for generat- 
ing a digital code from the serial bit stream of said 
response signal, said code representing the signa- 
ture of said signal 

57. The apparatus of claim 52, wherein said controller 
includes: 

(a) a system clock generator responsive to said com- 
puter for generating a master system clock for said 
tester; 

(b) a command decoder responsive to said computer 
for generating control signals to control the func- 
tions of said tester; 

(c) a listen enable generator responsive to said com- 
puter and said digital test-signal generators, for 
generating a listen enable signal, to enable said 
functional tester to perform functional tests on said 
response signal during the generation of said listen 
enable signal, and for controlling the length of said 
test cycle; and 

(d) a start test cycle generator responsive to said 
system clock, said command decoder and said lis- 
ten enable generator, for starting and stoping said 
test cycle. 

58. The apparatus of claim 54 wherein the set of se- 
lectable switches compriseis a single switch which selec- 
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lively connects its associated test pin to the response 
signal line, the output from each said test-signal genera- 
tor being removably connected to its associated test pin 
whereby the associated test pin connected to the re- 
sponse signal line functions alternatively 5 

(a) as an input stimulus point to the circuit under test 
during the entire test cycle, or 

(b) as an input stimulus point for a first portion of the 
test cycle, and as an output response signal point 
for a second portion of the test cycle. 10 

59. Apparatus adapted for use with a central proces- 
sor for the in-circwt testing of the electrical properties 
of components of a circuit under test, said apparatus 
having a response signal line for monitoring the re* 
sponse signal from the circuit under test, the apparatus IS 
comprising: 

(a) electrical test pins, contactable with electrical 
nodes in the circuit; 

(b) a selectable switch associated with each test pin, 
for selectively connecting the associated said test 20 
pin to the response signal line; 

(c) a plurality of digital test-signal generators, one 
associated with each of said test pins, for generat- 
ing at least one digital test signal from a set of test 
signals, the output line from each said generator 25 
adapted for connection to its associated test pin, 
each said digital test-signal generator including, 

(i) a memory address generator for generating a 
sequence of memory addresses during said test 
cycle, 30 

(ii) a first memory responsive to said address gener- 
ator, for outputting a logic signal to select a 
digital test signal, said memory having a speci- 
fied storage location for each digital test signal, 
said logic signal enabling a transition in said 35 
selected test signal, 

(iii) a second memory responsive to said address 
generator, for outputting a logic signal to enable 
and to disable the generation of said selected test 
signal, 40 

(iv) a synchronization signal generator responsive 
to said memory address generator for generating 
synchronization signals, and 
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(v) a driver responsive to the output from said first 
and second memories, and to said synchroniza- 
tion signals, for generating the selected digital 
test signal and for applying said selected digital 
test signal to an electrical node of said circuit; 

(d) switch-selecting means responsive to the central 
processor, for selecting one said selectable switch 
to connect a node of said circuit to said response 
signal lin^ 

(e) a test controller responsive to the central proces- 
sor, for generating a test cycle wherein selected 
ones of said digital test-signal generators supply 
test signals to said circuit, thereby to cause the 
circuit under test to produce a response signal on 
said response signal line; and 

(0 a functional tester connected to the response signal 
line and responsive to the central processor, for 
testing the signal on the response signal line, to 
determine electrical properties of the components 
of the circuit, said functional tester including, 

(i) an analog-to-digital converter, 

(ii) a counter for counting 

(1) the number of cycles in a clock signal that 
occurred when said response signal is at a 
logic high state, or 

(2) the number of pulses in said response signal 
that occur in said test cycle, and 

(iii) a cyclic redundancy check generator, for gen- 
erating a digital code from the serial bit stream of 
said response signal, said code representing the 
signature of said response signal. 

. 60. The apparatus of claim 59 wherein said selectable 
switch selectively connects its associated test pin to the 
response signal line, the output from each said test-sig- 
nal generator being removably connected to its associ- 
ated test pin, whereby the associated test pin connected 
to the response signal line functions alternatively 

(a) as an input stimulus point to the circuit under test 
during the entire test cycle, or 

(b) as an input stimulus point for a first portion of the 

test cycle, and as an output response point for a 

second portion of the test cycle. 

* « * * * 
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1 2 

APPARATUS AND METHOD FOR TESTING device. After conversion of all the input data sets has been 

SEMICONDUCTOR INTEGRATED CIRCUIT completed, the conversion data stored in the memory device 

are sequentially delivered to a tester. The tester sequentially 
compares the input data with the conversion data, thus 
BACKGROUND OF THE INVENTION 5 producing a test conclusion. 

1. Field of the Invention However, the tester must supply data to be inputted to the 
_ . . . i- . DAC, an address to be used for storing conversion data into 
Tlie present invention relates to an apparatus for tesung a ^ ^ ^^^^^^ ^ ^^^^^^ Moreover, data 

semiconductor integrated circuit, and more particularly to an ^^^^^^ ^ ^ ^^^-^ ^^^j ^ j .^^ ^^^^^^ 
apparatus and method for testing a semiconductor mtegrated ,o Further, there is the probability that noise arising in a long 

circuit includmg an A/D (analog-to-digital) converter arcuit ^measurement path extending from the tester to a DUT may 

for converting an analog signal mto a digital signal and a deteriorate precision of measurement. Further, the majority 

D/A (digital-to-analog) converter circuit for convertmg a electronics provided on the tester are occupied for 

digital signal into an analog signal. j^^^^g ^ ^^^^^ ^^j^ ^^^^^^^ p^^^^ ^ ^^^j^y ^ 

2, Background Art 15 taneous measurement of a plurality of DUTs. 

Recently, in relation to a system LSI embodied in a Further, communication for transmitting conversion data 

one-chip semiconductor integrated circuit (a one-chip LSI) to the tester is time consuming, and test conclusions are 

consisting of a plurality of functionally-systematized circuit produced after completion of all tests. Hence, shortening of 

modules or embodied in a hybrid integrated circuit (a chip a test time is also difiScult. 
set LSI), combination of high-performance and precision 20 

digital and analog circuits (i.e., a system LSI handling a SUMMARY OF THE INVENTION 

mixed signal) has been rapidly pursued. Even in relation to r™ * -j.i 

, ^ \ c -^1. • .J The present invention has been conceived to solve such a 

a test apparatus for use with a semiconductor integrated j . j 

J , * f * * *, cu problem and IS auned at providing an apparatus and method 

circuit, development of a test apparatus capable of handhng r * • j : • * * ^ • l- i. 

... ; . , fv . c . L of testing a semiconductor integrated circuit, which appa- 

a mixed signal is also pursued. Tester manufacturers have ^ j *u j r -i-. . r ^.i-^oT^ j • j 

J , , • -.L J . ■ . .J ratus and method lacihtate operation of a BOST device and 

provided testers copmg with a semiconductor mtegrated " luuu Aa^^iniai^ up».iauuu a i^v^oi u^viw; auu 

^. . . • J • 1 improve the convemence thereof. 

circuit using a mixed signal. . ^ , . . 

. ^ ^ ... . J , . , * J • According to one aspect of the present uivention, an 

A tester compiUible with a semiconductor mtegrated cir- ^ ^^^^^ a semiconductor integrated circuit 

cuit using a m«ed signal has a tendency to become ex^n- ^^^^ ^ ^j^^^j, configured to transmit signals 

sive in the course of ensunng comphance with high perfor- " ^ • ^ c • ^ ♦ • « . ^ 

.„ . „ ,° ^ f to and receive signals from a semiconductor mtegrated 

mance specifications. For this reason, moves are afoot to * u ♦ * a*u * • Kir\ _* • •* 

. ^ ..1 ji ... i_.L circuit to be tested that compnses an A/D converter circuit 

recycle an existmg low-speed, low-precision tester which , . , . ifj* - i j t^,k 

, 1 r t . T OT . 1 . J t -1 to convert analog signals to digital signals and a D/A 

has been used for, e.g., a logic LSI, to thereby avoid a hike ^ . j- •* i • i * i * i 

in the rice of a tester converter cucuit to convert digital signals to analog signals, 

m e pnce o a es er. ^ ^^^^ ancillary device which is disposed in the vicinity of the 

A big problem with such a test apparatus lies in a test circuit board and is connected to the test circuit board, 

characteristic test for a D/A converter circuit for converting and an external controller which assigns a numeric code to 

a digital signal into an analog signal (digital-to-analog g test on the semiconductor integrated circuit to be per- 

converter, hereinafter called a "DAC) as well as in a formed by the test ancillary device and which transmits the 

characteristic test for an A/D converter circuit for converting numeric code to the test ancillary device. The test ancillary 

an analog signal into a digital signal (hereinafter called an device comprises memory having stored therein a test 

"ADC"). In association with an increase in the precision of requirement table in which hardware requirements required 

the characteristic test, embodiment of a low-cost test appa- foj. conducting a test are set on a per-numeric-code, an 

ratus compatible with a semiconductor integrated circuit analysis section for reading test requirements corresponding 

including the DAC and ADC has posed a challenge. to the numeric code from the test requirement table; a data 

In a testing environment of a general tester, a plurality of circuit which supplies a digital test signal to the D/A 

DUT (device under test) circuit boards (simply called "DUT converter circuit of the semiconductor integrated circuit to 

boards") and connection jigs for connecting a tester with a be tested on the basis of the test requirements, a testing D/A 

DUT, such as cables, are provided at a plurality of points converter circuit which converts the digital test signal from 
along a measurement path extending from measurement 50 the data circuit into an analog test signal and supplies the 

equipment provided in the tester to a semiconductor inte- analog test signal to the A/D converter circuit of the semi- 

grated circuit under lest (hereinafter called a "DUT*). conductor integrated circuit to be tested, a testing A/D 

Further, the measurement path is long and accounts for converter circuit which converts an analog test output from 

occurrence of noise and a drop in measurement accuracy. the D/A converter circuit of the semiconductor integrated 
Further, simultaneous testing of a plurality of DUTs is also 55 circuit to be tested into a digital test output, and measured 

impossible. A Umitalion is imposed on the speed of a data memory for storing a digital test output from the A/D 

low-speed tester, and hence the low-speed tester cannot converter circuit of the semiconductor integrated circuit to 

conduct a test at a real operating speed, thereby posing a fear be tested and the digital lest output from the testing A/D 

of an increase in a time required for conducting mass- converter circuit. A result of analysis of the each digital test 

production testing of a system LSI. outputs stored in the measured data memory, the analysis 

Japanese PatentApplicationLaid-Open No. 316024/1989 being performed by the analysis section, is sent to the 

describes a tester. The tester is equipped with a memory external controller. 

device for storing conversion data at an address designated By means of the test apparatus and the test method 

by input data which have been entered into a DAC of a test according to the present invention, numeric codes are 
circuit. An analog signal which has been subjected to 65 assigned to tests to be performed by a DUT. The test 

digital-to-analog conversion is inputted to an ADC, and an apparatus is equipped with memory, and a test requirement 

output from the ADC is sequentially stored in the memory table having stored therein specification evaluation values 
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Stored therein. A test requirement table in which hardware 
requirements required for conducting a test are set for each 
numeric code is stored in the memory. Test requirements 
corresponding to the numeric code are read from the test 
requirement table, and a test is performed. A result of test is s 
compared with specification evaluation values, whereby the 
test result is evaluated. Thus, evaluation of a test result as 
well as conduction of a test can be performed in the BOST 
device. Thus, there is no necessity of acquiring measured 
data into a tester. Hence, the ease of operation and conve- lo 
nience of the BOST device are improved, shortening of a test 
time becomes feasible. 

Other and further objects, features and advantages of the 
invention will appear more fully from the following descrip- 
tion. 15 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing the configuration 
of a DSP analysis section constituting the principal feature 
of the first embodiment and a test method according to the 20 
first embodiment. 

FIG. 2 is a signal control system diagram showing the 
flow of signals within a BOST board and a control system. 

FIG. 3 is a schematic diagram showing the configuration 
of BOST control device, the flow of signals and a control 25 
system. 

FIG. 4 is a schematic diagram showing the configuration 
of a DSP analysis section constituting the principal feature 
of the second embodiment and a test method according to 
the second embodiment. 

FIG. 5 is a schematic diagram showing the configuration 
of a DSP analysis section constituting the principal feature 
of the third embodiment and a test method according to the 
third embodiment. 

FIGS. 6A through 6C are schematic diagrams showing the 
configuration of a test apparatus for testing a semiconductor 
integrated circuit embodying this invention. 

FIG. 7 is a block diagram showing the configuration of an 
electric circuit provided in the test apparatus shown in FIGS. 
6A through 6C. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
First Embodiment 

A first embodiment of the present invention will now be 45 
described by reference to a drawing. 

FIGS. 6A through 6C are schematic diagrams showing the 
configuration of a test apparatus for testing a semiconductor 
integrated circuit embodying this invention. 

FIG. 6 A is a top view of a DUT board; FIG. 6B is a side so 
view of the DUT board; and FIG. 6C is a schematic diagram 
showing the configuration of a test machine (tester). 

The test apparatus comprises a DUT board 10; a test 
ancillary device (also called a BOST (built-oflf self-test) 
device)) 20; and a tester 40. 55 

The DUT board 10 is designed for testing a molded IC 
designated by a DUT 11. A molded IC is a semiconductor 
integrated circuit (IC) chip which is coated with mold resin 
such that a plurality of terminals are led outside from the 
mold resin. The IC chip mounted on the DUT 11 is, for 60 
example, a one-chip system LSI of mixed signal type. A 
DAC for converting a digital signal into an analog signal and 
an ADC for converting an analog signal into a digital signal 
are provided within a single chip. A hybrid integrated circuit 
(IC) of mixed signal type comprising a plurality of chips 65 
mounted on a common circuit board may be employed as the 
DUT 11. 
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The DUT board 10 has a DUT socket 12 for receiving 
terminals of the DUT 11. A plurality of connection terminals 
13 and a cluster of relay capacitors 14 for test purposes are 
provided around the DUT socket 12. 

As shown in FIG. 6B, a test head 15 is located below the 
DUT board 10. The test head 15 has a plurality of connection 
pins 16 to be connected to the DUT board 10. Signals 
required for a test are exchanged with the DUT 11 by way 
of the connection pins 16. 

A BOST device 20 is provided in the vicinity of the DUT 
board 10. In the example of the circuit shown in FIG. 6, the 
BOST device 20 is constituted on a test ancillary board 
(BOST board) 21. The BOST board 21 is to be mounted on 
the DUT board 10. A socket 17 is provided on the DUT 
board 10 for receiving the BOST board 21. A connector 22 
to be fitted to the socket 17 is provided on a lower surface 
of the BOST board 21, and the connector 22 is fitted to the 
socket 17. As a result, the BOST board 21 is supported on 
the DUT board 10, so that signals are exchanged with the 
test head 15 by way of the socket 17. 

As has been known well, the BOST board 21 is an 
external test ancillary device (built-off self-test device) for 
assisting a test circuit which causes a DUT to perform a 
built-in self-test therein without dependence on the tester 40. 
The BOST board 21 has an AD/DA measurement section 23, 
a control section 24, a DSP analysis section 25, a memory 
section 26, and a power supply section 27. 

The tester 40 has a test pattern generator (hereinafter 
simply called a "TPG") 41, a power supply section 42, and 
a pin electronic section 43, The tester 40 supplies a supply 
voltage Vd to the BOST board 21, thus exchanging control 
signals 44 with the BOST board 21. The control signals 44 
include a test analysis result signal sent from the BOST 
board 21 to the tester 40 as well as instruction signals sent 
from the tester 40 to the BOST board 21 and to the DUT 
board 10. 

The control signals 44, which include a number code (a 
test analysis number code) and are output from the tester 40 
to the BOST board 21, are produced as test pattern signals 
by the TPG 41 built in the tester 40 in compliance with test 
signal requirements described in a test program, as in the 
case of a test conducted on another DUT 11. The control 
signals 44 are supplied to the BOST board 21 and the DUT 
board 10, by way of the pin electronic section 43 of the tester 
40 having a plurafity of signal I/O pins. A test analysis result 
(pass/fail information) output from the BOST board 21 is 
delivered to the pin electronic section 43 of the tester 40. A 
determination section of the pin electronic section 43 
acquires information about the test analysis result by com- 
parison with a test pattern signal and through analysis of a 
comparison result. 

FIG. 7 is a block diagram showing the configuration of an 
electric circuit provided in the test apparatus shown in FIGS. 
6A through 6C. 

The DUT 11 comprises an ADC 51 for converting an 
analog signal into a digital signal, and a DAC 52 for 
converting a digital signal into an analog signal. 

The BOST board 21 has a testing DAC 61 for test purpose 
which supplies an analog test signal to the ADC 51 of the 
DUT 11, and a testing ADC 62 for test purpose which 
converts an analog test output produced by the DAC 52 of 
the DUT 11 into a digital test output. Moreover, the BOST 
board 21 comprises a DAC input data circuit (DAC counter) 
63; a data write control circuit 64; a measured data memory 
address counter 65; measured data memory 66; a reference 
clock signal circuit 67; a clock signal generator circuit 68; 
and a DSP analysis section 69. The DSP analysis section 69 
has DSP program ROM 70. 
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The DAC 61, the ADC 62, the DAC input data circuit 63, 10 and has the function of causing the ADC 51 and D AC 52 
the data write control circuit 64, and the measured data of the DUT 11 to perform conversion tests. The conversion 
memory address counter 65 are included in the AD/DA tests can be effected on the BOST board 21. 
measurement section 23 shown in FIGS. 6Athrough 6C. The Consequently, an analog measurement system line pro- 
measured data memory 66 is included in the memory section 5 vided between the DUT board 10 and the BOST board 21 
26, and the DSP analysis section 69 is included in the DSP can be shortened, and occurrence of a measurement error 
analysis section 25 attributable to noise can be suppressed sulEciently. Thus, a 

By means of such a configuration, a digital test signal (i.e.. higb-precision test can be implemented, and a test can be 
test data) is stored in the DAC input data circuit 63. In " '"i'^'^i^A'^t'^ nlcxu^'i 

accordance with an instruction from the tester 40. the test lO exchanged between the DUT boyd 10 and the BOST board 

J* ijr *u rxA^- • * ^1 . *u 21 located m the vicmity thereof. 

niVo'"??i' p^J't 11 .'h^ nlr^Tfl nn^-? An analog measurement system line can be obviated from 

DAC 52 of the DUT 11 and to the DAC 61 of the BOST ^^^^ between the BOST board 21 and the tester 40. 

board 21. thereby increasing the accuracy of a test. After required 

The test data supplied to the DAC 61 are converted into conversion tests have been completed on the BOST board 

an analog test signal, and the analog test signal is supplied is 21, the results of conversion tests are sent to the tester 40. 

to the ADC 51. The ADC 51 converts the analog test signal Thus, a test speed can be increased as compared with a case 

into a digital test output, and the digital test output is in which converted data are transmitted to the tester 40. 
supplied to the measured data memory 66. in the apparatus shown in FIGS. 6 A through 6C, the 

Meanwhile, the lest data which have been supplied conversion test function of the ADC 51 and that of the DAC 

directly to the DAC 52 of the DUT 11 from the DAC input 20 52 of the DUT 11 are implemented on the BOST board 21. 

data circuit 63 arc converted into an analog test output by the Hence, there is no necessity of adding a powerful conversion 

DAC 52. The analog lest output is converted into a digital test function to the tester 40. Hence, an increase in the cost 

test output by means of the ADC 62 of the BOST board 21. of the tester 40 is prevented, thereby enabling diversion of 

The digital test output is supplied to the measured data a conventional low-speed tester to the test apparatus. When 

memory 66 . 25 ^ tester 40 having a special measurement function is to be 

The measured data memory 66 sequentiaUy stores to manufactured, limitations are imposed on expansion of 

predetermined addresses the digital test output supplied capabilities of hardware configuration of a tester. Further, 

from the ADC 51 of the DUT 11, and the digital test output manufacture of such a tester 40 involves mochficaUons to the 

1- J f _ *i. u f *u AT\r> tester itself, posmg a fear of a hike in development costs, 

supphed from the DAC 52 by way of the ADC 62. on, ♦ * «f u * TnnQiaK^u u ^ v 

T-L A T^r> »i c *u TM TT- 1/ J *u A T\r> c *u Tii-kOT- ^„ Th^ tcst apparatus shown in FIGS. 6A through 6C utilizes 

TheApC51oftheDUTUandtheApC62oftheBOST 30 as standard equipment a TPG and pin electrodes provided 
board 21 convert an analog signal into a digital signal, ^ ^^^^^ ^^^^^^ Configuration and control of a BOST 
sequentially. Every time a smgle digital signal is output, the ^oard can be effected without being influenced by specifi- 
ADC 51 and the ADC 62 each output a BUSY signal. The nations of testers or restrictions. Thus, application of the test 
BUSY signals are supplied to the data write control circuit apparatus to various types of testers is feasible. 
64 provided on the BOST board 21. On the basis of the 35 piG. 1 is a schematic diagram showing the configuration 
thus-supplied BUSY signals, the data write control circuit 64 of a DSP analysis section constituting the principal feature 
sequentially advances the digital test data pertaining to the of the first embodiment and a test method according to the 
DAC input data circuit 63 to the next digital test data on a first embodiment. The test apparatus shown in FIG. 1 is 
per-data-set basis. Further, the data write control circuit 64 identical in configuration with that shown in FIGS, 6 and 7, 
acts on the measured data memory address counter 65 so as 40 exclusive of the DSP analysis section. Hence, these draw- 
to sequentially advance an address of the measured data ings are employed, and repeated explanation of the test 
memory 66, apparatus is omitted. 

As mentioned above, a code of the digital test data to be In the present embodiment, numeric codes are assigned to 

converted by the DUT 11 is advanced by the DAC input data tests on DUTs 11 to be performed by a BOST device 20. 

circuit 63. As a result of sequential advancement of an 45 Requirements settings — which are required for a test and are 

address on the measured data memory 66 at which the digital to be made on hardware of the BOST device 20 — are 

test output converted by the DUT 11 is to be stored, the ADC registered on a test requirement table 71 in FIG. 1 for each 

51 and the DAC 52 provided in the DUT 11 sequentially numeric code. The test requirement table 71 is stored in 

pursue conversion required by a lest. The thus-converted memory (not shown) integrated in a processor of a DSP 

measured data arc sequentially stored in the measured data 50 analysis section 69 provided on the BOST device 20 or in 

memory 66. In subsequent processes, conversion tests pro- memory (not shown) provided on a BOST device connected 

ceed until a final code set by the DSP analysis section 69 on to the DUTs 11. When the numeric code (i.e., a test analysis 

the BOST board 21 is achieved, and the results of all number) is transmitted to the BOST device 20 from an 

conversion tests are stored in the measured data memory 66. external controller or the tester 40, the processor reads 

After the ADC 51 and the DAC 52 of the DUT 11 have 55 corresponding setting requirements from the test require- 

completed conversion tests, the DSP analysis section 69 ment table 71, The thus-read setting requirements are set in 

provided on the BOST board 21 sequentially reads conver- the hardware of the BOST device 20, whereupon a test is 

sion data stored in the measured data memory 66, through commenced. 

use of a program stored in the DPG program ROM 70, thus Software processing to be performed in the processor of 

analyzing a conversion characteristic. The analysis includes 60 the DSP analysis section 69 will next be described. As 

computation of an A/D conversion characteristic parameter, shown in FIG. 1, 

a D/A conversion characteristic parameter, a differential (1) the numeric code assigned to a test (i.e., a test analysis 

linearity, and an integral nonlinearity error. An analysis number) which has been entered into the processor is 

result (pass/fail information) is sent from the BOST board 21 inputted to the inside of the processor in step SI. 
to the tester 40, wherein the tester 40 processes a test result. 65 (2) Test requirements corresponding to the test analysis 

In the configuration shown in FIGS. 6 A through 6C, the number that has been inputted are read from the test require - 

BOST board 21 is provided in the vicinity of the DUT board ment table 71 in step S2. 



03/18/2004, EAST version: 1.4.1 



us 6,690,189 B2 



8 



(3) In step S3, the thus-read test requirements are set in a 
HOST hardware function block 72 provided outside the 
processor. 

(4) Processing pertaining to (3) is iterated until all the 
requirement setting are completed. 5 

Next will be described a circuit for performing a round of 
operations from entry of the test analysis number to setting 
of requirements on hardware of the BOST device 20 as well 
as the operation of the circuit. 

FIG. 2 is a signal control system diagram showing the lo 
flow of signals within a BOST board 21 and a control 
system. The series of processing operations are performed 
by the DSP analysis section 69 and a BOST control circuit 
75 whose detailed circuit is shown in FIG. 3. 

Operations of circuits shown in FIGS. 2 and 3 will be 15 
described. 

(1) A frame signal (B-SFRAM), a data signal (B-SD ATA), 
and a clock signal (B-SCLK) are inputted to a BOST control 
circuit 75 from an external controller, such as a TPG 41 of 
the tester 40, In connection with these signals, the frame 20 
signal is taken as an input start signal, and the data signal is 
serially inputted to the BOST device 20 in synchronism with 
the clock signal. The data signal following the frame signal 

in the next cycle is a mode M signal. When the mode M 
signal assumes a value of 0, the value means that the 25 
following serial data represent a test analysis number. When 
the mode M signal assumes a value of 1, the value means 
that the following serial data represent an IP address 
(identification address) assigned to each block of the hard- 
ware of the BOST device 20 and setting data to be written 30 
into the address or read from the address. When the signals 
are inputted from the external controller, such as a tester, to 
the BOST device 20, a mode R/W signal following the mode 
M signal in the next cycle assumes a value of 0. In contrast, 
when the signals are inputted from the BOST 20 to the 35 
external controller, such as a tester, the mode R/W signal 
assumes a value of 1. In short, the mode RAV signal shows 
the direction of the serial data signal. 

(2) When the test analysis number is inputted to the BOST 
device 20, a first mode M register 77 and a first mode RAV 40 
register 78 are reset by a frame signal by a serial data I/O 
switching section 76 shown in FIG. 3. At this time, a serial 
data I/O port is switched to the direction in which a signal 

is output from the external controller to the BOST device 20. 
Subsequently, mode information is set in the first mode M 45 
register 77 and the first mode R/W register 78. (3) Since the 
first mode M register 77 latches 0, a first switching circuit 
MUXl of the serial data I/O switching section 76 causes the 
frame signal, the data signal, and the clock signal, which 
have been inputted to the BOST device 20, to enter a serial 50 
port 0 of the DSP analysis section 69, where the signals are 
subjected lo software processing shown in FIG. 1. 

(4) Requirements are set in the hardware of the BOST 
device 20 by the DSP analysis section 69, by the frame 
signal, the data signal, and the clock signal appearing at a 55 
serial port 1 of the DSP analysis section 69. The signals are 
inputted to the BOST control circuit 75. A serial-to-parallel 
conversion section 79B of a RD/WR control section 79 
converts a device address signal and a data signal into 
parallel signals and retains the thus-converted parallel sig- 60 
nals. 

Since a second mode M register 80 and a second mode 
R/W register 81 assume a value of 0 after conversion, a 
read/write signal generation section 79C produces a write 
signal, llie write signal is inputted to corresponding hard- 65 
ware along with the data signal, by way of a H/W write 
signal line assigned a corresponding device address signal 



by a third switching circuit MUX 3 which takes, as a 
switching signal, the device address signal that have been 
converted into a parallel signal. Data are retained by the 
write signal. 

As in the case of the first mode M register 77, a second 
mode M register 80 selects a DSP analysis section when 
latching a value of 0 and signal groups output from the 
external controller when latching a value of 1. A second 
mode R/W register 81 operates in the same manner as the 
first mode R/W register 78. 

(5) Meanwhile, when written data are verified by the DSP 
analysis section 69, processing identical with that mentioned 
previously is performed through use of the frame signal, the 
data signal, and the clock signal output from the serial port 
1 of the DSP analysis section 69 as well as through use of 
the frame signal, the data signal, and the clock signal input 
to the serial port 1 of the DSP analysis section 69. At this 
time, on the basis of the infomaation set on the second mode 
M register 80 and the second mode R/W register 81, the 
write/read signal generation section 79C produces a read 
signal. The read signal is taken as a reference signal to be 
used for producing a frame signal and a clock signal when 
H/W setting data are sent to the serial port 1 of the DSP 
analysis section 69. Reading operation of the DSP analysis 
section is as follows. Namely, in accordance with the device 
address signal retained by the serial-to-parallel conversion 
section 79B of the device address RD/WR control section 
79, a fourth switching circuit MUX 4 selects corresponding 
H/W output data. A parallel-to-serial conversion section 79 A 
of the RD/WR control section 79 converts the data into serial 
data, and the thus-converted serial data are inputted to the 
serial port 1 of the DSP analysis section 69. The DSP 
analysis section 69 receives the data and verifies the data 
through software processing. As mentioned previously, the 
read signal output from the read/write signal generation 
section 79 and a DSP-compatible conversion clock signal 
produced from the read signal by a clock signal generation 
section of the parallel-to-serial conversion section 79A are 
used as the frame signal and the clock signal used in entering 
data into the serial port 1. 

The operations which have been described thus far cor- 
respond to the series of operations from entry of a test 
analysis number to setting of hardware requirements on the 
BOST device 20. In addition, setting data on the hardware 
of the BOST device 20 from the external controller and 
reading the setting data from the same can be effected for the 
purpose of verifying circuits of the BOST device 20. This 
can be effected when the mode M signal assumes a value of 
1. In connection with writing of data, processing pertaining 
to (4) is performed through use of the signals output from the 
external controller rather than the signals output from the 
serial port 1 of the DSP analysis section 69. In connection 
with reading of data, data are inputted from the external 
controller in synchronism with the clock signal which is 
output from the external controller and is taken as a con- 
version clock signal of the parallel-to-serial conversion 
section 79A of the RD/WR control section 79 employed in 
the processing pertaining to (5). 

The circuit configuration is controlled by a serial signal. 
Hence, the number of pins to be provided on a tester can be 
diminished as compared with a case where a circuit is 
controlled by the TPG 41 of the tester. As a result, limita- 
tions imposed on an increase in the number of DUTs 11 
which can be measured simultaneously can be alleviated. 

Since the circuit according to the first embodiment is 
configured in the manner as mentioned above, the processor 
of the DSP analysis section 69 of the BOST device 20 can 
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download test requirements directly to individual sections of 
the BOST device 20 by transmission of only a test analysis 
number. Setting information to be output from the external 
controller is simplified, thus improving the ease of operation 
and convenience of the BOST device. 5 

Further, as in the case of an analysis program, require- 
ments for setting hardware of the BOST device 20 can be 
collectively managed by ROM of the processor provided in 
the DSP analysis section 69. 

Further, there can be curtailed an excessive communica- 
tions time, which would otherwise be caused when require- 
ments are set from the outside of the BOST device 20, there 
by speeding up setting operation. Further, there is yielded an 
advantage of shortening of a test time. 
Second Embodiment 

A second embodiment of the present invention will now 
be described by reference to a drawing. 

FIG. 4 is a schematic diagram showing the configuration 
of a DSP analysis section constituting the principal feature 
of the second embodiment and a test method according to 
the second embodiment. The test apparatus shown in FIG. 4 20 
is identical in configuration with that shown in FIGS. 6 and 
7, exclusive of the DSP analysis section. Hence, these 
drawings are employed, and repeated explanation of the test 
apparatus is omitted. 

As in the case of the first embodiment, in the present 25 
embodiment tests on the DUTs 11 to be performed by the 
BOST device 20 are converted into numeric codes. A test 
analysis table 85 has a memory address table 82 for setting 
an address of measured data memory in which measured 
data are stored on a per- numeric-code basis; a computation 30 
method table 83 in which computation method information 
required for conducting the tests is arranged in the form of 
a table for on a per-numeric-code basis; and a test specifi- 
cation table 84 in which specification evaluation values are 
arranged in the form of a table. The test analysis table 85 is 35 
stored in memory integrated in the processor of the DSP 
analysis section 69 provided on the BOST device 20 or in 
memory provided on a BOST device connected to the DUTs 
11. When a test analysis number is transmitted to the BOST 
device 20 from the tester or the external controller and when 40 
an analysis start signal is inputted to the processor, the 
processor reads measured data from the measured data 
memory 66, thereby evaluating specifications. Test infonna- 
tion result (pass/fail) is transmitted to the external controller. 

Software processing to be performed in the processor of 45 
the DSP analysis section 69 will next be described. As 
shown in FIG. 4, 

(1) the numeric code assigned to a test (i.e., a test analysis 
number) which as been entered into the processor of the DSP 
analysis section 69 is inputted to the inside of the processor 50 
in step SI. 

(2) An address on the measured data memory — in which 
are stored measured data corresponding to the test analysis 
number that has been inputted — is read from a memory 
address table 82 in step S12, and the thus-read address is set. 55 

(3) In step S13 corresponding measured data are read 
from the measured data memory 66 on the basis of the 
memory address, and the thus-read measured data are input- 
ted to the processor. 

(4) A computation technique corresponding to the test 60 
analysis number that has been inputted is read from a 
computation technique table 83 in step S14. 

(5) In step S15, ADC characteristic parameters and DAC 
characteristic parameters (i.e., a differential linearity and an 
integral nonlinearity error) of the DUTs 11 are computed 65 
from the measured data and by means of the computation 
technique. 
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(6) In step S16, a specification evaluation value corre- 
sponding to the test analysis number that has been inputted 
is read from the test specification table 84, The specification 
evaluation value is compared with a result of computation 
performed in step S15, thus effecting pass/fail evaluation. 

(7) In step S17, a result of the test performed in step S16 
is sent to the external controller. 

Transmission of the test result will now be described. 

When a test restilt is transmitted, information about the 
test result (also called "test result information") is latched in 
an error code register 86 by means of a frame signal, a data 
signal (representing test result information), and a clock 
signal, which are output from the serial port 0 of the DSP 
analysis section 69 shown in FIG. 3. In connection with 
reading of the information, the frame signal, the data signal, 
and the clock signal, which are output from the external 
controller, are inputted to the BOST device 20, wherein the 
data signal has imparted a value of "0** to mode M infor- 
mation and a value of "1" to mode R/W information. A 
second switching circuit MUX 2 selects an output from the 
error code register 86 and transmits the test result informa- 
tion to the external controller in synchronism with the clock 
signal. 

Since the DSP analysis section according to the second 
embodiment is configured in the manner as mentioned 
above, the BOST device 20 effects pass/fail evaluation of an 
ordinary test. There is no necessity of transmitting and 
loading measured data to the tester, thereby improving the 
ease of operation and convenience of the BOST device. 

As a result of simplification of a test result, an effect of 
shortening a test time can be expected. 
Third Embodiment 

• A third embodiment of the present invention will now be 
described by reference to a drawing. 

FIG. 5 is a schematic diagram showing the configuration 
of a DSP analysis section constituting the principal feature 
of the third embodiment and a test method according to the 
third embodiment. The test apparatus shown in FIG. 5 is 
identical in configuration with that shown in FIGS. 6 and 7, 
exclusive of the DSP analysis section. Hence, these draw- 
ings are employed, and repeated explanation of the test 
apparatus is omitted. 

As shown in FIG. 5, in the present embodiment, a 
measured data transmission method table 86 in which trans- 
mission methods for outputting measured data are stored is 
provided in the test analysis table 85. When there is trans- 
mitted a test analysis number corresponding to the table 
number stored in which the transmission method is stored, 
the processor of the DSP analysis section 69 provided on the 
BOST device 20 reads corresponding measured data from 
the measured data memory 66. The thus-read measured data 
are transmitted to the external controller. 

Software processing to be performed in the processor of 
the DSP analysis section 69 will next be described. 

As shown in FIG. 5, 

(1) The test analysis number input to the processor of the 
DSP analysis section 69 is inputted to the processor in step 
S21. 

(2) For example, in a case where the most significant bit 
of the test analysis number is "0", the test analysis n\imber 
is perceived as representing measured data processing. First, 
in step S22 a measured data output method corresponding to 
the test analysis number is read from the measured data 
transmission method table 86. 

The measured data transmission method corresponds to 
software processing to be performed for outputting mea- 
sured data to the outside. 
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(3) In step S23, an address on the measured data memory 
66 in which are stored measured data corresponding to the 
test analysis number which has been inputted is read from 
the memory address table 82, and the thus-read address is 
set. 5 

(4) In step S24, corresponding measured data are loaded 
from the memory address and into the processor of the DSP 
analysis section 69. 

(5) In step S25, the measured data are transmitted to the 
outside. 

Since the DSP analysis section according to the third 
embodiment is configured in the manner as mentioned 
above, measured data can be readily loaded from the out- 
side. The measured data can be processed and cataloged 
outside of the DSP analysis section by means of software. 
The DSP analysis section can be used for conducting a 
normal test but also for evaluating and analyzing design of 
aDUT 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within the 20 
scope of the appended claims the invention may by practiced 
otherwise than as specifically described. 

The entire disclosure of a Japanese Patent Application No. 
2001-32847, filed on Feb. 8. 2001 including specification, 
claims, drawings and summary, on which the Convention 25 
priority of the present application is based, are incorporated 
herein by reference in its entirely. 

What is claimed is: 

1. An apparatus for testing a semiconductor integrated 
circuit comprising: 30 
a test circuit board configured to transmit signals to and 
receive signals from a semiconductor integrated circuit 
to be tested, wherein the semiconductor integrated 
circuit comprises an A/D converter circuit to convert 
analog signals to digital signals and a D/A converter 35 
circuit to convert digital signals to analog signals; 
a test ancillary device which is disposed in the vicinity of 
said test circuit board and is connected to said test 
circuit board; and 
an external controller which assigns a numeric codes to 40 
tests to be conducted on said semiconductor integrated 
circuit by said test ancillary device and which transmits 
said numeric codes to said test ancillary device, 
wherein said test ancillary device comprises: 
memory having stored therein a test requirement table 45 
in which hardware requirements required for con- 
ducting the tests, which are applied to the test 
ancillary device, are set for each corresponding 
numeric code; 

an analysis section for reading test requirements cor- 50 
responding to one of said numeric codes from said 
test requirement table; 

a data circuit for supplying a digital test signal to said 
D/A converter circuit of said semiconductor inte- 
grated circuit to be tested on the basis of said test ss 
requirements read by said analysis section; 

a testing D/A converter circuit which converts the 
digital test signal from said data circuit into an 
analog test signal and supplies said analog test signal 
to said A/D converter circuit of said semiconductor 60 
integrated circuit to be tested; 

a testing A/D converter circuit which converts an 
analog test output from said D/A converter circuit of 
said semiconductor integrated circuit to be tested 
into a digital test output; and 65 

measured data memory for storing the digital test 
output from said A/D converter circuit of said semi- 



conductor integrated circuit to be tested and said 
digital test output fi-om said testing A/D converter 
circuit, 

wherein a result of analysis of said each digital test 
outputs stored in said measured data memory, the 
analysis being performed by said analysis section, is 
sent to said external controller. 

2. The apparatus for testing a semiconductor integrated 
circuit according to claim 1, wherein said external controller 
is a tester. 

3. The apparatus for testing a semiconductor integrated 
circuit according to claim 1, wherein said memory having 
stored therein said test requirement table is incorporated in 
said analysis section. 

4. The apparatus for testing a semiconductor integrated 
circuit according to claim 1, wherein said test ancillary 
device comprises: 

a test analysis table having a memory address table for 
setting an address of the measured data memory in 
which digital test outputs are stored for a corresponding 
numeric code; 

a computation method table having stored therein infor- 
mation about computation methods corresponding to 
respective numeric codes; and 

a test specification table in which specification evaluation 
values corresponding to the respective numeric codes 
are stored, wherein 

when an analysis start instruction is received from said 
external controller along with a numeric code, a 
predetermined digital test output is read from said 
memory address table; a corresponding computation 
method is read from the computation method table, 
thereby computing a characteristic parameter of said 
A/D converter circuit of said semiconductor inte- 
grated circuit to be tested and a characteristic param- 
eter of said D/A converter circuit of the same; a result 
of computation is compared with a specification 
evaluation value corresponding to the numeric code 
read from said test specification table, thus evaluat- 
ing a specification; and a result of evaluation is sent 
to said external controller. 

5. The apparatus for testing a semiconductor integrated 
circuit according to claim 4, wherein said characteristic 
parameters correspond to a differential linearity and an 
integral nonlinearity error. 

6. The apparatus for testing a semiconductor integrated 
circuit according to claim 4, wherein transmission informa- 
tion for sending a digital test output is provided in said test 
analysis table; and, when a numeric code corresponding to 
transmission information is sent to said test ancillary device 
from said external controller, said test ancillary device reads 
a corresponding digital test output from said measured data 
memory, and the digital test output is sent to said external 
controller. 

7. The apparatus for testing a semiconductor integrated 
circuit according to claim 6, wherein the numeric code to be 
used for selecting transmission information is formed by 
combination of a code representing details of a test and a 
code to be used for selecting transmission information. 

8. A method for testing a semiconductor integrated circuit 
comprising, a test circuit board configured to transmit sig- 
nals to and receive signals from a semiconductor integrated 
circuit to be tested wherein the semiconductor integrated 
circuit comprises an A/D converter circuit to convert analog 
signals to digital signals and a D/A converter circuit to 
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convert digital signals to analog signals, the methods com- 
prising the steps of: 

assigning a nximeric code to each one of a test requirement 
stored in a test requirement table for tabulating hard- 
ware requirements for conducting test on said semi- 5 
conductor integrated circuit to be tested; 

reading a test requirement conesponding to one of said 
numeric codes from said test requirement table; 

outputting a digital test signal on the basis of said test 
requirement read; 

outputting the digital test signal to said D/A converter 
circuit of said semiconductor integrated circuit; 
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converting the digital test signal into an analog test signal 
and outputting the analog signal to said A/D converter 
circuit of said semiconductor integrated circuit; 

converting an analog signal output from said D/A con- 
verter circuit to a first digital test output; 

storing the first digital test output and storing a second 
digital test output from from said A/D converter circuit 
of said semiconductor integrated circuit; 

conducting an analysis of the first digital test output and 
the second digital test output, and outputting a result of 
the analysis. 
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ABSTRACT 



A semiconductor test system for testing semiconductor 
devices, and particularly, to a semiconductor test system 
having a plurality of different types of tester modules in a 
main frame and a measurement module unique to the device 
under test in a test fixture, thereby achieving a low cost and 
application specific test system. The semiconductor test 
system includes two or more tester modules whose perfor- 
mances are different from one another, a test system main 
frame to accommodate a combination of two or more tester 
modules, a test fixture provided on the main frame for 
electrically connecting the tester modules and a device under 
test, a measurement module provided in the test fixture for 
converting signals between the device under test and the 
tester module depending on the fiinction of the device under 
test, and a host computer for controlling an overall operation 
of the test system by communicating with the tester modules 
through a tester bus. 

12 Claims, 10 Drawing Sheets 
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APPLICATION SPECIFIC EVENT BASED 
SEMICONDUCTOR TEST SYSTEM 

HELD OF THE INVENTION 

This invention relates to a semiconductor test system for ^ 
testing semiconductor integrated circuits such as a large 
scale integrated (LSI) circuit, and more particularly, to a low 
cost semiconductor test system configured exclusively to a 
specific application and has an event based tester architec- 
ture. The event based semiconductor test system of the 
present invention is formed by freely combining a plurality 
of tester modules having identical or different capabilities 
and a measurement module specific to an intended applica- 
tion where each of the tester module operates independently 
from one another, thereby establishing a low cost test 
system. The measurement module may be installed in a test 
fixture of the test system. 

BACKGROUND OF THE INVENTION 

FIG. 1 is a schematic block diagram showing an example 
of a semiconductor test system, also called an IC tester, in 
the conventional technology for testing a semiconductor 
integrated circuit (hereafter may also be referred to as 
"device under test"). 

In the example of FIG. 1, a test processor 11 is a dedicated 
processor provided within the semiconductor test system for 
controlling the operation of the test system through a tester 
bus. Based on pattern data fi-om the test processor 11, a 
pattern generator 12 provides timing data and waveform 
data to a timing generator 13 and a wave formatter 14, 
respectively. A lest pattern is produced by the wave format- 
ter 14 with use of the waveform data from the pattern 
generator 12 and the timing data from the timing generator 
13, and the test pattern is supplied to a device under test 
(OUT) 19 through a driver 15. 

A response output signal from the DUT 19 is produced in 
response to the test pattern. The output signal is converted to 
a logic signal by an analog comparator 16 with reference to 
a predetermined threshold voltage level. The logic signal is 
compared with expected value data from the pattern gen- 
erator 12 by a logic comparator 17. The result of the logic 
comparison is stored in a failure memory 18 corresponding 
to the address of the DUT 19. The driver 15, the analog 
comparator 16 and switches (not shown) for changing pins 
of the device under test, are provided in a pin electronics 20. 

The circuit configuration noted above is provided to each 
test pin of the semiconductor test system. TTierefore, since a 
large scale semiconductor test system has a large number of 
test pins, such as fi'om 256 test pins to 1048 test pins, and the 50 
same number of circuit configurations each being shown in 
Figure are incorporated, an actual semiconductor test system 
becomes a very large system. FIG. 2 shows an example of 
outer appearance of such a semiconductor test system. The 
semiconductor test system is basically formed with a main 55 
frame 22, a test head 24, and a work station 26. 

The work station 26 is a computer provided with, for 
example, a graphic user interface (GUI) to function as an 
interface between the test system and a user. Operations of 
the test system, creation of test programs, and execution of 60 
the test programs are conducted through the work station 26. 
The main frame 22 includes a large number of test pins each 
having the test processor 11, pattern generator 12, timing 
generator 13, wave formatter 14 and comparator 17 shown 
in no. 1. 65 

The test head 24 includes a large number of printed circuit 
boards each having the pin electronics 20 shown in FIG. 1. 
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The test head 24 has, for example, a cylindrical shape in 
which the printed circuit boards forming the pin electronics 
are radially aligned. On an upper surface of the test head 24, 
a device under test 19 is inserted in a test socket at about the 
center of a performance board 28. 

Between the pin electronics circuit and the performance 
board 28, a pin (test) fixture 27 is provided which is a contact 
mechanism for communication of electrical signals. The pin 
fixture 27 includes a large number of contractors such as 
pogo-pins for electrically connecting the pin electronics 
circuits and the performance board. The device under test 19 
receives a test pattern signal from the pin electronics and 
produces a response output signal. 

In the conventional semiconductor test system, for pro- 
ducing a test pattern to be applied to a device under test, the 
test data which is described by, what is called a cycle based 
format, has been used. In the cycle based format, each 
variable in the test pattern is defined relative to each test 
cycle (tester rate) of the semiconductor test system. More 
specifically, test cycle (tester rate) descriptions, waveform 
(kinds of waveform, edge timings) descriptions, and vector 
descriptions in the test data specify the test pattern in a 
particular lest cycle. 

In the design stage of the device under test, under a 
computer aided design (CAD) environment, the resultant 
design data is evaluated by using a logic simulation process 
through a test bench. However, the design evaluation data 
thus obtained through the test bench is described in an event 
based format. In the event based format, each change point 
(event) in the particular lest pattern, such as from "0" to "1" 
or from "1", to "0*', is described with reference to a time 
passage. The time passage is expressed by, for example, an 
absolute time length from a predetermined reference point or 
a relative time length between two adjacent events. 

The inventors of this invention has disclosed the com- 
parison between the test pattern formation using the test data 
in the cycle based format and the test pattern formation using 
the test data in the event based format in the U.S. patent 
application Ser. No. 09/340,371. The inventors of this inven- 
tion have also proposed an event based test system as a 
semiconductor test system as a new concept test system. The 
details of the structure and operation of the event based test 
system is given in the U.S. patent application Ser. No. 
09/406300 owned by the same assignee of this invention. 

As described in the foregoing, in the semiconductor test 
system, a large number of printed circuit boards and the like 
which is equal to or greater than the number of the test pins 
are provided, resulting in a very large system as a whole. In 
the conventional semiconductor test system, the printed 
circuit boards and the like are identical to one another. 

For example, in a high speed and high resolution lest 
system, such as a test rate of 500MHz and timing accuracy 
of 80 picosecond, the printed circuit boards for all the test 
pins have the same high capabilities each being able to 
satisfy the test rate and timing accuracy. Thus, the conven- 
tional semiconductor test system inevitably becomes a very 
high cost system. Further, since the identical circuit structure 
is used in each lest pin, the test system can conduct only 
limited types of test. 

An example of devices to be tested includes a type of 
semiconductor device which has both an analog function 
and a digital function. A typical example of which is an 
audio IC or a communication device IC which includes an 
analog-digital (AD) converter, a digital-analog (DA) con- 
verter and a digital signal processing circuit. Further, there 
is a type of semiconductor device which has a functionality 
for testing an inner circuit by itself, i.e., built-in self -test 
(BIST). 
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In the conventional semiconductor test system, it is con- 
stituted so that only one type of functional test can be 
conducted at one time. Therefore, to test the mixed signal 
integrated circuit noted above, each functional block must 
be tested separately in a series fashion, such as, first testing 5 
the AD converter, then testing the DA converter, and after 
that, testing the digital signal processing circuit. Further, in 
testing the device having the BIST function, such a lest for 
evaluating the BIST function must be carried out separately 
from the other types of test. lo 

Even in the case where testing a device which is config- 
ured solely by logic circuits, almost always, not all of the 
pins of such a device under test do not require the highest 
performance of the semiconductor test system. For example, 
in a typical logic LSI device to be tested having several 15 
hundred pins, only several pins actually operate at the 
highest speed and require the highest speed test signal while 
other several hundred pins operate at substantially lower 
speeds and require low speed test signals. 

Since the conventional semiconductor test system cannot 
conduct different types of test in parallel at the same time, 
it has a drawback that, to complete the mixed signal device 
test or test of the device having the BIST function, it requires 
a long test time, Further, the high performance which is 
needed only for a small number of pins of the device under 
test is equipped in all of the test pins, resulting in the high 
cost of the test system. 

One of the reasons that the conventional semiconductor 
test system installs the identical circuit configuration in all of 
the test pins as noted above, and as a result, not able to 
conduct two or more different kinds of test at the same time 
by having different circuit configuration, is that the test 
system is configured to generate the test pattern by using the 
cycle based test data. In producing the test pattern using the 
cycle based concept, the software and hardware tend to be 
complicated, thus, it is practically impossible to include 
different circuit configurations and associated software in 
the test system which would make the test system even more 
complicated. 

To explain the above noted reasons more clearly, brief 
comparison is made between the test pattern formation using 
the test data in the cycle based format and the test pattern 
formation using the test data in the event based format with 
reference to waveforms shown in FIG. 3. The more detailed 
comparison is disclosed in the above noted U.S. patent 
applications owned by the same assignee of this invention. 

The example of FIG. 3 shows the case where a test pattern 
is created based on the data resulted from the logic simu- 
lation conducted in the design stage of the large scale 50 
integrated circuit (LSI) and stored in a dump file 37. The 
output of the dump file 37 is configured with data in the 
event based format showing the changes in the input and 
output of the designed LSI device and having descriptions 
38 shown in the lower right of FIG. 3 for expressing, for 55 
example, the waveforms 31. 

In this example, it is assumed that test patterns such as 
shown by the waveforms 31 are to be formed by ^lsing such 
descriptions. The waveforms 31 illustrate test patterns to be 
generated at pins (tester pins or test channels) Sa and Sb, 60 
respectively. The event data describing the waveforms is 
formed of set edges San, Sbn and their timings (for example, 
time lengths from a reference point), and reset edges Ran, 
Rbn and their timings. 

For producing a test pattern to be used in the conventional 65 
semiconductor test system based on the cycle based concept, 
the test data must be divided into test cycles (tester rate). 
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waveforms (types of wavefonms, and their edge timings), 
and vectors. An example of such descriptions is shown in the 
center and left of FIG. 3. In the cycle based test pattern, as 
shown by waveforms 33 in the left part of FIG. 3, a test 
pattern is divided into each test cycle (TSl, TS2 and TS3) to 
define the waveforms and timings (delay times) for each test 
cycle. 

An example of data descriptions for such waveforms, 
timings and test cycles is shown in timing data (test plan) 36. 
An example of logic "1", "0" or "Z" of the waveforms is 
shown in vector data (pattern data) 35. For example, in the 
timing data 36, the test cycle is described by "rate" to define 
time intervals between test cycles, and the waveform is 
described by RZ (return lo zero), HRZ (non-return to zero) 
and XOR (exclusive OR). Further, the timing of each 
waveform is defined by a delay time from a predetermined 
edge of the corresponding test cycle. 

As in the foregoing, because the conventional semicon- 
ductor test system produces a test pattern under the cycle 
based procedure, the hardware structures in the pattern 
generator, timing generator, and wave formatter tend to be 
complicated, and accordingly, the software to be used in 
such hardware becomes complicated as well. Further, since 
all of the test pins (such as Sa and Sb in the above example) 
are defined by the common test cycle, it is not possible to 
generate test patterns of different cycles among the test pins 
at the same time. 

Therefore, in the conventional semiconductor test system, 
the same circuit configurations are used in all of the test pins, 
and it is not possible to incorporate printed circuit boards of 
different circuit stmctures therein. As a consequence, it is not 
possible to perform different test such as the analog block 
test and the digital block test at the same time in a parallel 
fashion. Moreover, for example, a high speed type test 
system also needs to include a low speed hardware configu- 
ration (such as high voltage and large amplitude generation 
circuit and a driver inhibit circuit, etc.), the high speed 
performance cannot be fully improved in such a test system. 

In contrast, for producing a test pattern by using the event 
based method, it is only necessary lo read set/reset data and 
associated timing data stored in an event memory, requiring 
very simple hardware and software structures. Further, each 
test pin can operate independently as to whether there is any 
event therein rather than the test cycle and various types of 
associated data, thus, lest patterns of different functions and 
frequency ranges can be generated at the same time. 

As noted in the foregoing, the inventors of this invention 
have proposed the event based semiconductor lest system. In 
the event based test system, since the hardware and software 
involved are very simple in the structure and contents, it is 
possible to formulate an overall test system having different 
hardware and software therein. Moreover, since each test pin 
can operate independently from the other, two or more tests 
which are different in functions and frequency ranges from 
one another can be carried out in a parallel fashion at the 
same time. Further, an application specific and low cost 
event based test system can be easily established. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide a semiconductor test system which is dedicated to a 
specific application by having tester modules of different 
capabilities corresponding to test pins and a measurement 
module to be used for the specific application in a test 
fixture. 

It is another object of the present invention to provide a 
low cost semiconductor test system which is capable of 
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testing a semiconductor device having an analog function device under test having a BIST function can be easily tested 

and a digital function by testing the analog and digital with use of a test fixture having a module which functions 

functions in parallel at the same time by incorporating tester as a BIST interface. 

modules of different capabilities corresponding to test pins As noted above, in the semiconductor test system of the 
and an analog measurement module in a test fixture. 5 present invention, the tester module (tester board) is con- 
It is a further object of the present invention to provide a figured by event based architecture where all the information 
low cost semiconductor test system which is capable of required for executing the test is prepared in the event based 
testing a semiconductor device having a BIST (built-in format. Because it is not necessary to include the rate signal 
self-test) function and other logic function by testing the or pattern generator, each test pin in the event based test 
BIST and logic functions in parallel at the same time by lO system can operate independently from the other test pins, 
incorporating tester modules of different capabilities corre- Therefore, different types of test, such as analog circuit test 
sponding to test pins and a BIST measurement module in a and digital circuit test can be performed at the same time, 
test fixture. Further, since the test system of the present invention is 
It is a further object of the present invention to provide a configured with a modular basis, a simple and low cost test 
semiconductor test system having tester modules of different system can be established depending on the type of test deice 
capabilities corresponding to test pins wherein interface or test purpose. Furthermore, because of the event based 
specification between the test system main frame and the architecture, the hardware of the event based test system can 
tester modules is standardized for freely accommodating be dramatically reduced while the software for controlling 
tester modules of different pin counts and performances in the tester modules can be dramatically simplified, 
the main frame. Accordingly, an overall physical size of the event based test 
It is a further object of the present invention to provide a system can be reduced, resulting in further cost reduction, 
semiconductor test system which can freely accommodate a floor space reduction and associated cost savings, 
plurality of tester modules of different capabilities, thereby BRIEF DESCRIPTION OF THE DRAWINGS 

being able to carry out tests on a plurality of different kinds ^ . . , . 

of devices or fiinctional blocks at the same time. /IG. 1 is a block diagram showing a basic configuraUon 

, . ^ , , . , , . , of a semiconductor test system (LSI tester) m the conven- 

It is a further object of the present invention to provide a lional technolo 

semiconductor test system which can test a semiconductor „ _ ^ • i • j • t. • i r 

device under test at low cost and further enhance its ability / " schematic diagram showing an example of 

d ndin on the future needs outward appearance of a semiconductor test system in the 
epen ing on e . 3^ conventional technology. 

The semiconductor test system of the present invention t.t^ • j- ? • 1 r j • 

includes two or more tester modules whose performances ^ ^ ^/^^^^^ for comparing an example of descnp- 

are different from one another, a test system main frame for ^i^^^^^^ producmg a cycle based test pattern in the conven- 

insulling two or more tester modules therein, a test fixture f semiconductor test system with ari example of 
provided on the test system main frame for electrically 35 descnptions for producing an event based test p 

connecting the tester modules and a device under test, a semiconductor test system of the present mvention. 

measurement module provided in the test fixture for con- FI^. 4 is a block diagram showing an example of test 

verting signals between the tester modules and the device system configuraUon for testmg a mixed signal IC (mixed 

under test depending on an intended function of the device signal integrated circuit) by an apphcation specific test 

under test, and a host computer for controlHng an overall system of the preset mvention. 

operation of the test system by communicating with the FIG. 5 is a block diagram showmg an example of circuit 

tester modules through a tester bus. configuration in an event tester provided in an event tester 

In the semiconductor test system of the present invention, board which is incorporated in a tester module in accordance 

a measurement module unique to the test application is ^ith the present mvenUon. 

provided in the test fixture which established electrical 45 FIG. 6 is a schematic diagram for establishing a semi- 
connection between the tester modules and the device under conductor test system having test pins grouped into different 
test. The test fixture will be replaced depending on the test performances by incorporating a plurality of tester modules 
object. Each of the tester modules includes a plurality of of the present invention. 

event tester boards. Under the control of the host computer, FIG. 7A is a block diagram showing an example of 
each tester board provides a test pattern to a corresponding 50 semiconductor test system configured for testing a mixed 

pin of the device under test and evaluates a resultant output signal device, and FIG. 7B is a block diagram showing an 

signal from the device under test. example of semiconductor test system configured for testing 

In the event based test system of the present invention, the a BIST fimction device, 

measurement module for a specific test purpose is installed FIG. 8 is a schematic diagram showing an internal stmc- 
in the test fixture (pin fixture), thereby enabling to simplify 55 ture of a mixed signal IC which is mixed with an analog 

the structure of the test modules installed in the test system. function and a digital function, and a concept of testing such 

Therefore, by replacing test fixtures prepared for specific different functions in the mixed signal device under test in 

applications depending on the type of device to be tested or a parallel fashion by the semiconductor test system of the 

type of test items, an application specific semiconductor test present invention. 

system can be achieved with simple structure and low cost. 60 FIG. 9Ais a schematic diagram showing a test process for 

In the semiconductor test system of the present invention, testing the mixed signal device by the conventional semi- 

since an operation of a test pin is independent fi-om the other conductor test system and FIG. 9B is a schematic diagram 

test pin, different devices or different blocks in the device showing a test process for testing the mixed signal device by 

can be tested by a group of test pins and other groups of test the semiconductor test system of the present invention, 
pins. Thus, by using the application specific lest fixtures, an 65 FIG. 10 is a schematic diagram showing an example of 

analog circuit and a digital circuit in the device under test outward appearance of the semiconductor test system of the 

can be tested in parallel at the same time. Similarly, the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The embodiment of the present invention is explained 
with reference to FIGS. 4-10. FIG. 4 is a block diagram 
showing a basic structure of the semiconductor test system 
of the present invention for testing an analog/digital mixed 
signal integrated circuit ("mixed signal IC" or "mixed signal 
device). The basic structure of the semiconductor test system 
for testing the BIST function device is substantially the same 
as that shown in FIG. 4 except for using a measurement 
module designed for BIST testing. 

In the semiconductor test system of the present invention, 
a test head (tester main frame) is so configured that one or 
more modular testers (hereinafter "tester modules") are 
selectively installed therein. The tester modules to be 
installed can be a plurality of same tester modules depending 
on the number of tester pins desired or a combination of 
different tester modules such as a high speed module HSM 
and a low speed module LSM. 

As will be explained with reference to FIGS. 6 and 7 later, 
each tester module is provided with a plurality of event tester 
boards 43, for example, eight (8) tester boards. Further, each 
event tester board includes a plurality of event testers 66 
corresponding to a plurality of tester pins, such as 32 event 
testers for 32 tester pins. Therefore, in the example of FIG. 
4, an event tester board 43^ deals with an analog part of the 
device test while other event tester boards 43 cover a digital 
part of the device test. 

In the test system of FIG. 4, the plurality of event tester 
boards 43 are controlled by a tester controller 41, which is 
a host computer of the test system, through a system bus 64. 
As noted above, for example, eight event tester boards 43 
may be installed in one tester module. Although not shown 
in FIG. 4, typically, a test system of the present invention is 
configured by two or more such tester modules as shown in 
FIG. 6. 

In the test system of FIG. 4, the event tester board 43 
applies a test pattern (test signal) to a device under test 19, 
and examines a response signal from the device under test 
resulted from the test pattern. For testing the analog function 
of the device under test, an analog measurement (test) 
module 48 may be provided in the test system. Such an 
analog measurement module 48 includes, for example, a DA 
converter, an AD converter and a filter As will be described 
later, the analog measurement module 48 is installed in a test 
fixture (pin fixture) of the test system. 

Each event tester board 43 includes event testers 661-6632 
for 32 channels for example, an interface 53, a processor 67 
and a memory 68. Each event tester 66 corresponds to a 
tester pin, and has the same inner structure as that of the 
other within the same tester board. In this example, the event 
tester 66 includes an event memory 60, an event execution 
unit 47, a driver/comparator 61 and a test result memory 57. 

The event memory 60 stores event data for producing a 
test pattern. The event execution unit 47 produces the test 
pattern based on the event data from the event memory 60. 
The test pattern is supplied to the device under test 19 
through the driver/comparator 61. In the case where an input 
pin of the device under test 19 is an analog input, the analog 
measurement module 48 noted above converts the test 
pattern to an analog signal by the DA converter therein. 
Thus, the analog test signal is applied to the device under test 
19. An output signal of the device under test 19 is compared 
with an expected signal by the driver/comparator 61, the 
result of which is stored in the test result memory 57. In the 
case where an output signal fi-om the device under test 19 is 
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an analog signal, if necessary, such an analog signal is 
converted to a digital signal by the AD converter in the 
analog measurement module 48. 

FIG. 5 is a block diagram showing an example of con- 
5 figuration in the event tester 66 in the event tester board 43 
in more detail. The further detailed description regarding the 
event based test system is given in the above U.S. patent 
application Sen No. 09/406,300 as well as U.S. patent 
application Ser. No. 09/259,401 owned by the same assignee 
10 of this invention. In FIG. 5, the blocks identical to that of 
FIG. 4 are denoted by the same reference labels. 

The interface 53 and the processor 67 are connected to the 
tester processor (host computer) 41 through the system bus 
64. The interface 53 is used, for example, for transferring 
data from the tester controller 41 to a register (not shown) in 
the event tester board to assign the event tester to the 
input/output pins of the device under test. For example, 
when the host computer 41 sends a group assigning address 
to the system bus 64, the interface 53 interprets the group 
assigning address and allows the data from the host com- 
puter to be stored in the register in the specified event tester 
board. 

The processor 67 is provided, for example, in each event 
tester board, and controls the operations in the event tester 
board including generation of events (test patterns), evalu- 
ation of output signals from the device under test, and 
acquisition of failure data. The processor 67 can be provided 
at each tester board or every several tester boards. Further, 
the processor 67 may not always necessary be provided in 
the event tester board, but the same control functions can be 
made directly by the tester controller 41 to the event tester 
boards. 

Ad address controller 58 is, for example, in the most 

2^ simple case, a program counter. The address controller 58 
controls the address supplied to the failure data memory 57 
and the event memory 60. The event timing data is trans- 
ferred to the event memory 60 from the host computer as a 
test program and stored therein. 

40 The event memory 60 stores the event timing data as 
noted above which defines timing of each of the events 
(change points from "1" to "0" and from "0** to "1"). For 
example, the event timing data is stored as two types of data, 
one of which shows integer multiples of a reference clock 

45 cycle while the other shows fractions of the reference clock 
cycle. Preferably, the event timing data is compressed before 
being stored in the event memory 60. 

In the example of FIG. 5, the event execution unit 47 in 
FIG. 4 is configured with a decompression unit 62, a timing 

50 count/scaling logic 63, and an event generator 64. The 
decompression unit 62 decompresses (reproduces) the com- 
pressed timing data from the event memory 60. The timing 
count/scaling logic 63 produces time length data of each 
event by summing or modifying the event liming data. The 

55 time length data expresses the timing of each event by a time 
length (delay time) from a predetermined reference point. 

The event generator 64 produces a test pattern based on 
the time length data and provides the test pattern to the 
device under test 19 through the driver/comparator 61. Thus, 

60 a particular pin of the device under test 19 is tested by 
evaluating the response output therefrom. The driver/ 
comparator 61 is mainly formed with, as shown in FIG. 4, 
a driver which drives the test pattern to be applied to the 
particular device pin and a comparator which determines a 

65 voltage level of an output signal of a device pin resultant 
from the test pattern and compares the output signal with the 
expected logic data. 
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In the event tester summarized above, the input signal 
applied to the device under test and the expected signal 
compared with the output signal of the device under test are 
produced by the data in the event based format. In the event 
based format, the information of change points on the input 5 
signal and expected signal is formed of action information 
(set and/or reset) and time information (time length from a 
specified point). 

As noted above, in the conventional semiconductor test 
system, the cycle based method has been used, which 
requires memory capacity smaller than that required in the 
event based architecture. In the cycle based test system, the 
time information of the input signal and expected signal is 
formed of cycle information (rate signal) and delay time 
information. The action information of the input signal and 
expected signal is formed of waveform mode data and 
pattern data. In this arrangement, the delay time information 
can be defined only by the limited number of data. Further, 
to generate the pattern data with flexibility, the test program 
must includes many loops and/or subroutines therein. 
Therefore, the conventional test system requires compli- 
cated structures and operational procedures. 

In the event based test system, such complicated struc- 
tures and operational procedures of the conventional cycle 
based test system are unnecessary, thereby easily increasing 
the number of test pins and/or incorporating the test pins of 
different performances in the same test system. Although the 
event based test system requires a memory of large capacity, 
such an increase in the memory capacity is not a major 
problem since the increase in the memory density and the 
decrease in the memory cost are rapidly and continuously 
achieved today. 

As in the foregoing, in the event based test system, each 
of the test pins or each group of test pins can independently 
perform a test operation from the other. Consequently, in the 
case where a plurality of different kinds of test have to be 
performed, such as in testing the mixed signal device under 
lest which includes both analog and digital signals, such 
different kinds of test can be conducted in a parallel fashion 
at the same lime. Further, start and end timings of such ^ 
different kinds of test can be independently established. 

FIG. 6 is a schematic diagram for establishing a semi- 
conductor test system having lest pins grouped into different 
performances by incorporating a plurality of tester modules 
of the present invention. 45 

A test head 124 is provided with a plurality of tester 
modules depending on, for example, the number of pins of 
a lest fixture 127 connected to the test head, a type of device 
to be tested, and the number of pins of the device to be 
tested. As will be described later, an interface (connection) 50 
specification between the test fixture 127 and the test module 
is standardized so that any tester modules can be installed in 
any positions in the test head (system main frame). 

The test fixture 127 includes a large number of elastic 
connectors such as pogo-pins to electrically and mechani- 55 
cally connect the tester modules and a performance board 
128. The device under test 19 is inserted in a test socket on 
the performance board 128, thereby establishing an electri- 
cal communication with the semiconductor lest system. 
Although not shown in FIG. 6 but is shown in FIGS. 7A and 60 
7B, in the present invention, measurement modules specific 
to the test (such as analog measurement module 48) are 
installed in the test fixture 127. Therefore, the test fixture 
127 in the present invention is designed unique to the 
specific test application. 65 

A performance board 128 is provided on the lest fixture 
127. A device under test 19 is inserted, for example, in a test 
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socket on the performance board 128, thereby establishing 
electrical communication with the semiconductor test sys- 
tem. As mentioned above, the analog measurement module 
48 such as shown in FIG. 4 is installed in the test fixture, 
however, it also can be mounted on the performance board 
128 in a manner similar to the device under test 19. 

Each of the tester module 125 has a predetermined 
number of pin groups. For example, one high speed module 
HSM installs printed circuit boards corresponding to 128 
test pins (test channels) while one low speed module LSM 
installs printed circuit boards corresponding to 256 test pins. 
These numbers are disclosed only for an illustration 
purpose, and various other numbers of test pins are also 
possible. 

As noted above, each printed circuit board in the tester 
module has event testers which generates lest patterns and 
applies the same to the corresponding pin of the device 
under test 19 through the performance board 128. Output 
signals of the device under test 19 responsive to the test 
pattern are transmitted to the event tester board in the tester 
module through the performance board 128 whereby being 
compared with the expected signals to determine the pass/ 
fail of the device under test. 

Each tester module is provided with an interface 
(connector) 126. The connector 126 is so arranged to fit to 
the standard specification of the test fixture 127. For 
example, in the standard specification of the lest fixture 127, 
a structure of connector pins, impedance of the pins, dis- 
tance between the pins (pin pitch), and relative positions of 
the pins are specified for the intended lest head. By using the 
interface (connector) 126 which matches the standard speci- 
fication on all of the tester modules, test systems of various 
combinations of the tester modules can be fireely established. 

Because of the configuration of the present invention, a 
test system of optimum cost/performance which matches the 
device under test can be established. Further, improvement 
of the performance of the test system can be achieved by 
replacing one or more test modules, thus, an overall fife time 
of the lest system can be increased. Moreover, the test 
system of the present invention can accommodate a plurality 
of test modules whose performances are different from the 
other, and thus, the desired performance of the lest system 
can be achieve directly by the corresponding test modules. 
Therefore, the performance of the test system can be easily 
and directly improved. 

FIG. 7A is a block diagram showing an example of 
semiconductor test system configured for testing a mixed 
signal device, and FIG. 7B is a block diagram showing an 
example of semiconductor test system configured for testing 
a BIST function device. For simplicity of illustration, the 
interface 126 in FIG. 6 is not shown here. Further, the tester 
modules 125 are simply denoted by TM, although each of 
which may be same or different from one another depending 
on the purpose of the test. 

The semiconductor test system of FIG. 7A is so config- 
ured that it is dedicated to a device under test which has an 
analog circuit therein. Accordingly, analog measurement 
(test) modules 132 and 133 are provided in the test fixture 
127. For example, when a particular input pin of the device 
under lest is an analog signal pin, a test signal from the tester 
module 125 is converted to an analog signal by the analog 
measurement (lest) module 133 having a DA converter. 
Thus, the analog test signal is applied to the particular input 
pin of the device under test. Further, when a particular output 
pin of the device imder test is an analog signal pin, the output 
signal from the output pin is converted to a digital signal by 
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the analog measurement (test) module 132 having an AD 
converter. Thus, the digital output signal is transmitted to the 
tester module 125. 

As in the foregoing, the application of the test fixture in 
the test system of the present invention is limited to a 
specific test object. Accordingly, the tester modules 125 can 
be completely separated from the analog functions and be 
designed to deal with only digital signals. Thus, overall cost 
of the test system can be substantially decreased. Moreover, 
an interface structure between the tester modules and the test 
fixtures is simpUfied. 

Other example of the analog measurement module 
includes an audio signal source, audio digitizer, video signal 
source, video digitizer, and associated circuits such as filters. 
Further, a card interface, such as for an IC card (smart card) 
can be installed in the test fixture 127, In such an 
arrangement, an IC card under test can be connected to the 
card interface and be tested without involving the perfor- 
mance board 128. 

The semiconductor test system of FIG. 7B is so config- 
ured that it is dedicated to a device under test having a BIST 
(built-in self-test) function therein. An IC device having 
such a BIST function includes a BIST controller which 
interfaces between test system and the inner circuit of the 
device during the test. As defined by IEEE Std. 1149.1 
"Standard Test Access Port and Boundary-Scan 
Architecture", the BIST controller and the test system com- 
municate with each other through the interface formed of 
five pins, i.e., an interface pin group. 

This interface pin group needs to have high speed opera- 
tion capabihty. In the example of FIG. 7B, a BIST module 
134 having the interface pin group is provided in the test 
fixture 127. By this arrangement, an application specific test 
system which can test an IC device having the BIST fiinction 
can be established with low cost. 

FIG. 8 is a block diagram showing a basic concept for 
conducting different types of test in parallel for a mixed 
signal device 19 having analog and digital functions by the 
semiconductor test system of the present invention. In this 
example, the mixed signal device 19 includes an AD con- 
verter circuit, a logic circuit, and a DA converter circuit. The 
semiconductor test system of the present invention can 
perform test for each group of specified number of tester 
pins independently from the other group as noted above. 
Therefore, by assigning the groups of tester pins to these 
circuits in the mixed signal device, these circuits can be 
tested in parallel at the same time. 

FIG. 9A is a schematic diagram showing a test process for 
testing the mixed signal device by the conventional semi- 
conductor test system and FIG. 9B is a schematic diagram 
showing a test process for testing the mixed signal device by 
the semiconductor test system of the present invention. 
When testing the mixed signal IC having analog and digital 
circuits such as shown in FIG. 8 by the conventional 
semiconductor test system, the test must proceed in a series 
fashion such as completing one test and moving to the next 
test. Therefore, the overall time required for completing the 
test is the sura of times of all of the tests as shown in FIG. 
9A. 

In contrast, when testing the mixed signal IC shown in 
FIG. 8 by the semiconductor test system of the present 
invention, the AD converter circuit, logic circuit and DA 
converter circuit can be tested in parallel at the same lime as 
shown in FIG. 9B. Thus, the present invention can dramati- 
cally reduce the overall test time. Since it is a common 
practice to evaluate the test result of the AD converter circuit 
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or DA converter circuit by predetermined formulas, a com- 
putation lime after each of the AD and DA circuit test is 
provided in FIGS, 9A and 9B. 

An example of outer appearance of the semiconductor test 
5 system of the present invention is shown in the schematic 
diagram of FIG. 10. In the example of FIG. 10, a host 
computer (main system computer) 41 is, for example, a 
work station having a graphic user interface (GUI). The host 
computer 41 functions as a user interface as well as a 
controller to control an overall operation of the test system. 
The host computer 41 and the inner hardware of the test 
system are connected through the system bus 64 (FIGS. 4 
and 5). 

The event based test system of the present invention does 
not need the pattern generator and the timing generator used 
in the conventional semiconductor test system configured by 
the cycle based concept. Therefore, it is possible to substan- 
tially decrease the physical size of the overall test system by 
installing all of the modular event testers in the lest head (or 
tester main frame) 124. 

As has been foregoing, in the event based test system of 
the present invention, the test fixture (pin fixture) installs the 
measurement (test) modules designed for specific 
applications, thereby simplifying the tester modules to be 
inserted in the test system. Accordingly, by replacing the test 

25 fixtures prepared based on the specific applications, it is 
easily able to establish a semiconductor test system of 
simple and low cost. 

In the event based semiconductor test system of the 
present invention noted above, each test pin can operate 

30 independently from the other test pins. Thus, by assigning 
groups of test pins to different devices or blocks under test, 
two or more different devices or blocks can be tested at the 
same time. Therefore, according to the event based test 
system of the present invention, an analog circuit and a 

35 digital circuit in a mixed signal device can be tested in 
parallel at the same time. Further, the test system of the 
present invention can evaluate the IC device having the 
BIST function by using the test fixture having the BIST 
module which works as the BIST interface. 

As noted above, in the semiconductor test system of the 
present invention, the tester module (tester board) is con- 
figured by event based architecture where all the information 
required for executing the test is prepared in the event based 
format. Therefore, different types of test, such as analog 

^5 circuit test and digital circuit test can be performed at the 
same time. 

Since the semiconductor test system of the present inven- 
tion has a modular stmcture, a desired test system can be 
formed freely depending on the kind of devices to be tested 
5Q and the purpose of the test. Further, the hardware of the 
event based test system can be dramatically reduced while 
the software for the test system can be dramatically simph- 
fied. Accordingly, the tester modules of different capabilities 
and performances can be installed together in the same test 
55 system. Furthermore, as shown in FIG. 6, an overall physical 
size of the event based test system can be considerably 
reduced, resulting in further cost reduction, floor space 
reduction and associated cost savings. 
What is claimed is: 
gQ 1. A semiconductor test system, comprising: 

two or more tester modules whose performances are 

identical to or different from one another; 
a test system main frame for accommodating an arbitrary 
combination of the tester modules therein; 
65 a test fixture provided on the test system main firame for 
electrically connecting the tester modules and a device 
under test; 
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a measurement module provided in the test fixture for 
converting signals between the device under test and 
the tester module depending on a function of the device 
under test; and 

a host computer for controlling an- overall operation of 
the test system by communicating with the tester mod- 
ules in the test system through a tester bus. 

2. A semiconductor test system as defined in claim 1, 
wherein a plurality of test fixtures are prepared which install 
the measurement modules with different types depending on 
kinds of devices to be tested, and the test fixture selected on 
the basis of the kinds of device under test is installed in the 
test system during the lest. 

3. A semiconductor test system as defined in claim 1, 
wherein the measurement module includes a function for 
converting between an analog signal and a digital signal 
when the device under test is an analog and digital mixed 
signal integrated circuit. 

4. A semiconductor test system as defined in claim 1, 
wherein the measurement module includes a function for 
interfacing with a BIST (built-in self-test) controller in the 
device under test when the device under test has a BIST 
function. 

5. A semiconductor test system as defined in claim 1, 
wherein specification for connecting the test fixture and the 
tester module is standardized. 

6. A semiconductor test system as defined in claim 1, 
wherein the test fixture includes a performance board having 
a mechanism for mounting the device under test thereon and 
a connection mechanism for electrically connecting between 
the performance board and the tester modules. 

7. A semiconductor test system as defined in claim 1, 
wherein a number of tester pins is variably assigned to the 
tester module. 

8. A semiconductor test system as defined in claim 1, 
wherein a number of tester pins is variably assigned to the 
tester module, and such assignment of test pins and modi- 
fication thereof are regulated by address data from the host 
computer. 
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9. A semiconductor test system as defined in claim 1, 
wherein each of the tester modules includes a plurality of 
event tester boards where each of the event tester boards is 
assigned to a predetermined number of test pins. 

^ 10. A semiconductor test system as defined in claim 1, 
wherein each of the tester modules includes an inner con- 
troller where the inner controller controls, in response to 
instructions fi-om the host computer, to generate a test 

10 pattern from the tester module and to evaluate an output 
signal of the device under test. 

11. A semiconductor test system as defined in claim 9, 
wherein each of the tester modules includes a plurality of 
event tester boards wherein each of the event tester boards 

35 includes an inner controller where the inner controller 
controls, in response to instructions from the host computer, 
to generate a test pattern from the tester module and to 
evaluate an output signal of the device under test. 

12. A semiconductor test system as defined in claim 1, 
wherein each of the tester modules includes a plurality of 
event tester boards where each of the event tester boards is 
assigned to one test pin, wherein each of the event tester 
boards is comprised of: 

25 a controller which controls, in response to instructions 
from the host computer, to generate the test pattern 
from the tester module and to evaluate an output signal 
of the device under test; 

an event memory for storing timing data for each event; 

an address sequencer for providing, under the control of 
the controller, address data to the event memory; 

means for producing a test pattern based on the timing 
data from the event memory; and 
35 a driver/comparator for transferring the test pattern to a 
corresponding pin of the device under test and receiv- 
ing a response output signal from the device imder test. 

***** 
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ABSTRACT 



A semiconductor test system having a plurality of different 
types of tester modules for testing a mixed signal integrated 
circuit (IC) having analog signals and digital signals with 
high speed and high eflBciency. The semiconductor lest 
system includes two or more tester modules whose perfor- 
mances are different from one another, a test head to 
accommodate the two or more tester modules, means pro- 
vided on the test head for electrically connecting the tester 
modules and a device under test, an optional circuit corre- 
sponding to the device xmder test when the device under test 
is a mixed signal IC, and a host computer for controlling an 
overall operation of the test system. Each event tester 
module includes a tester board which is configured as an 
event based tester. 

11 Claims, 9 Drawing Sheets 
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Fig. 5 
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EVENT TESTER ARCHITECTURE FOR 
MIXED SIGNAL TESTING 

FIELD OF THE INVENTION 

This invention relates to a semiconductor test system for 
testing semiconductor integrated circuits such as a large 
scale integrated (LSI) circuit, and more particularly, to a 
semiconductor test system having an event tester architec- 
ture which is capable of testing a mixed signal integrated 
circuit with high speed and high eflSciency. In the semicon- 
ductor test system of the present invention, a test system is 
formed by freely combining a plurality of tester modules 
having identical or different capabilities where each of the 
tester module operates independently from one another 
thereby being able to test an analog signal block and a digital 
signal block of the device under test at the same time. 

BACKGROUND OF THE INVENTION 

FIG. 1 is a schematic block diagram showing an example 
of a semiconductor test system in the conventional technol- 
ogy for testing a semiconductor integrated circuit (hereafter 
may also be referred to as "IC device", "LSI under test" or 
"device under test"). 

In the example of FIG. 1, a test processor 11 is a dedicated 
processor provided within the semiconductor test system for 
controlling the operation of the test system through a tester 
bus. Based on pattern data from the test processor 11, a 
pattern generator 12 provides timing data and waveform 
data to a timing generator 13 and a wave formatter 14, 
respectively. A test pattern is produced by the wave format- 
ter 14 with use of the waveform data from the pattern 
generator 12 and the timing data from the timing generator 
13, and the test pattern is supplied to a device under test 
(DUT) 19 through a driver 15. 

A response signal from the DUT 19 resulted from the test 
pattern is converted to a logic signal by an analog compara- 
tor 16 with reference to a predetermined threshold voltage 
level. The logic signal is compared with expected value data 
from the pattern generator 12 by a logic comparator 17. The 
result of the logic comparison is stored in a failure memory 
18 corresponding to the address of the DUT 19, The driver 
15, the analog comparator 16 and switches (not shown) for 
changing pins of the device under test, are provided in a pin 
electronics 20. 

The circuit configuration noted above is provided to each 
test pin of the semiconductor test system. Therefore, since a 
large scale semiconductor test system has a large number of 
test pins, such as from 256 test pins to 1024 test pins, and the 
same number of circuit configurations each being shown in 
FIG. 1 are incorporated, an actual semiconductor test system 
becomes a very large system. FIG. 2 shows an example of 
outer appearance of such a semiconductor test system. The 
semiconductor test system is basically formed with a main 
frame 22, a test head 24, and a work station 26. 

The work station 26 is a computer provided with, for 
example, a graphic user interface (GUI) to function as an 
interface between the test system and a user. Operations of 
the test system, creation of test programs, and execution of 
the test programs are conducted through the workstation 26. 
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The main frame 22 includes a large number of test pins (test 
channels) each having the test processor 11, pattern genera- 
tor 12, timing generator 13, wave formatter 14 and com- 
parator 17 shown in FIG. 1. 

The test head 24 includes a large number of printed circuit 
boards each having the pin electronics 20 shown in FIG. 1. 
The lest head 24 has, for example, a cylindrical shape in 
which the printed circuit boards forming the pin electronics 

10 are radially aligned. On an upper surface of the test head 24, 
a device under test 19 is inserted in a lest socket at about the 
center of a performance board 28. 

Between the pin electronics circuit and the performance 
board 28, a pin (test) fixture 27 is provided which is a contact 
mechanism for communication of electrical signals. The pin 
fixture 27 includes a large number of contactors such as 
pogo-pins for electrically connecting the pin electronics 
circuits and the performance board. The device under test 19 

20 receives a test pattern signal from the pin electronics and 
produces a response output signal. 

In the conventional semiconductor test system, for pro- 
ducing a, test pattern to be applied to a device under test, the 

25 test data which is described by, what is called a cycle based 
format, has been used. In the cycle based format, each 
variable in the test pattern is defined relative to each test 
cycle (tester rate) of the semiconductor lest system. More 
specifically, test cycle (tester rate) descriptions, waveform 

30 (kinds of waveform, edge timings) descriptions, and vector 
descriptions in the test data specify the test pattern in a 
particular test cycle. 

In the design stage of the device under test, under a 

2^ computer aided design (CAD) environment, the resultant 
design data is evaluated by performing a logic simulation 
process through a testbench. However, the design evaluation 
data thus obtained through the testbench is described in an 
event based format. In the event based format, each change 

40 point (event) in the particular test pattern, such as from "0" 
to "1" or from "1" to "0", is described with reference to a 
time passage. The time passage is expressed by, for example, 
an absolute time length from a predetermined reference 

^5 point or a relative time length between two adjacent events. 
The inventor of this invention has disclosed the compari- 
son between the test pattern formation using the test data in 
the cycle based format and the test pattern formation using 
the test data in the event based format in the U.S. patent 

50 application Ser. No. 09/340,371. The inventor of this inven- 
tion has also proposed an event based test system as a 
semiconductor test system as a new concept test system. The 
details of the structure and operation of the event based test 

J J system is given in the U.S. patent application Ser. No. 
09/406,300 owned by the same assignee of this invention. 

As described in the foregoing, in the semiconductor test 
system, a large number of printed circuit boards and the like 
which is equal to or greater than the number of the test pins 
are provided, resulting in a very large system as a whole. In 
the conventional semiconductor test system, the printed 
circuit boards and the like are identical to one another. 
For example, in a high speed and high resolution test 

65 system, such as a test rate of 500 MHz and timing accuracy 
of 80 picosecond, the printed circuit boards for all the test 
pins have the same capabilities each being able to satisfy the 
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test rate and timing accuracy. Thus, the conventional semi- 
conductor test system inevitably becomes a very high cost 
system. Further, since the identical circuit structure is used 
in each test pin, the test system can conduct only limited 
types of test. 

An example of devices to be tested includes a type of 
semiconductor device which has both an analog function 
and a digital function. A typical example of which is an 
audio IC or a communication device IC which includes an 
analog'digital (AD) converter, a digital-analog (DA) con- 
verter and a digital signal processing circuit. In the conven- 
tional semiconductor test system, only one type of func- 
tional test must be conducted at one time. Therefore, to test 
the mixed signal integrated circuit noted above, each func- 
tional block must be tested separately in a series fashion, 
such as, first testing the AD converter, then testing the DA 
converter, and after that, testing the digital signal processing 
circuit. 

Even in the case where testing a device which is config- 
ured solely by logic circuits, almost always, not all of the 
pins of such a device under test require the highest perfor- 
mance of the semiconductor test system. For example, in a 
typical logic LSI device to be tested having several hundred 
pins, only several pins actually operate at the highest speed 
and require the highest speed test signal while other several 
hundred pins operate at substantially lower speed and 
require low speed test signals. This is also true to a system- 
on-chip (SoC), a recent semiconductor device which draws 
high attention. Thus, high speed test signals must be applied 
to only a small number of pins of SoC while low speed test 
signals are sufBcient for other pins. 

Since the conventional semiconductor test system cannot 
conduct different types of test in parallel at the same time, 
it has a drawback that, to complete the mixed signal device 
test, it requires a long time. Fiu^ther, the high performance 
which is needed only for a small number of pins of the 
device under test is equipped to all of the test pins, resulting 
in the high cost of the test system. 

One of the reasons that the conventional semiconductor 
test system installs the identical circuit configuration in all of 
the test pins as noted above, and as a result, are not able to 
conduct two or more different kinds of test at the same lime 
by having different circuit configuration, is that the test 
system is configured to generate the test pattern by using the 
cycle based test data. In producing the test pattern using the 
cycle based concept, the software and hardware tend to be 
complicated even when using the same circuit configuration 
for all the test channels. Thus, it is practically impossible to 
include different circuit configurations in the test system 
because it would make the test system and associated 
software even more complicated. 

To explain the above noted reason more clearly, brief 
comparison is made between the test pattern formation using 
the test data in the cycle based format and the test pattern 
formation using the test data in the event based format with 
reference to waveforms shown in FIG. 3. The more detailed 
comparison is disclosed in the above noted U.S. patent 
applications owned by the same assignee of this invention. 

The example of FIG. 3 shows the case where a test pattern 
is created based on the data resulted from the logic simu- 
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lation conducted in the design stage of the integrated circuit 
and stored in a dump file (VCD) 37. The output of the dump 
file is data in the event based format showing the changes in 
the input and output of the designed LSI (large scale 

^ integrated circuit) device and having descriptions 38 shown 
in the lower right of FIG. 3 for expressing, for example, the 
waveforms 31. 

In this example, it is assumed that test patterns such as 

10 shown by the waveform 31 are to be formed by using such 
descriptions. The waveforms 31 illustrate test patterns to be 
generated by pins (tester pins or lest channels) Sa and Sb, 
respectively. The event data describing the waveforms is 
formed of set edges San, Sbn and their timings (for example, 
time lengths from a reference point), and reset edges Ran, 
Rbn and their timings. 

For producing a test pattern to be used in the conventional 
semiconductor test system based on the cycle based concept, 

20 the test data must be divided into test cycles (tester rate), 
waveforms (types of waveforms, and their edge timings), 
and vectors. An example of such descriptions is shown in the 
center and left of FIG. 3. In the cycle based test pattern, as 
shown by waveforms 33 in the left part of FIG. 3, a test 
pattern is divided into each test cycle (TSl, TS2 and 1^3) to 
define the waveforms and timings (delay time) for each test 
cycle. 

An example of data descriptions for such waveforms, 

30 timings and test cycles is shown in timing data (test plan) 36. 
An example of logic "1", "0" or "Z" of the waveforms is 
shown in vector data (pattern data) 35. For example, in the 
timing data 36, the test cycle is described by "rate" to define 

2 J time intervals between test cycles, and the waveform is 
described by RZ (return to zero), NRZ (non-return to zero) 
and XOR (exclusive OR). Further, the timing of each 
waveform is defined by a delay time from a predetermined 
edge of the corresponding test cycle. 

As in the foregoing, because the conventional semicon- 
ductor test system produces a test pattern under the cycle 
based procedure, the hardware structures in the pattern 
generator, timing generator, and wave formatter tend to be 

45 complicated, and accordingly, the software to be used in 
such hardware also becomes complicated as well. Further, 
since all of the test pins (such as Sa and Sb in the above 
example) are defined by the common test cycle, it is not 
possible to generate test patterns of different cycles among 

50 the test pins at the same time. 

Therefore, in the conventional semiconductor test system, 
the same circuit configurations are used in all of the test pins, 
and it is not possible to incorporate printed circuit boards of 

55 different circuit structures therein. As a consequence, it is not 
possible to perform different test such as the analog block 
test and the digital block test at the same time in a parallel 
fashion. Moreover, for example, a high speed type test 
system also needs to include a low speed hardware configu- 

^0 ration (such as high voltage and large amplitude generation 
circuit and a driver inhibit circuit, etc.), the high speed 
performance cannot be fully improved in such a test system. 
In contrast, for producing a test pattern by using the event 

65 based method, it is only necessary to read set/reset data and 
associated timing data stored in an event memory, requiring 
very simple hardware and software structures. Further, each 
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test pin can operate independently as to whether there is any 
event therein rather than the test cycle, thus, test patterns of 
different functions and frequency ranges can be generated at 
the same time. 

As noted in the foregoing, the inventors of this invention 
have proposed the event based semiconductor test system. In 
the event based test system, since the hardware and software 
involved are very simple in the structure and contents, it is 
possible to formulate an overall test system having different 
hardware and software therein. Moreover, since each test pin 
can operate independently from the other, two or more tests 
which are different in functions and frequency ranges from 
one another can be carried out in a parallel fashion at the 
same time. 

SUMMARY OF THE INVE>rnON 

Therefore, it is an object of the present invention to 
provide a semiconductor test system which has tester mod- 
ules of different capabilities corresponding to test pins and 
thus is capable of testing a mixed signal device under test by 
testing the analog function and the digital function in 
parallel at the same time. 

It is another object of the present invention to provide a 
semiconductor test system in which tester modules of dif- 
ferent pin numbers and capabilities can &eely installed in a 
tester main frame (or test head) and in which specification 
for connection between the tester modules and the tester 
main frame is standardized. 

It is a further object of the present invention to provide a 
semiconductor test system which can freely accommodate a 
plurality of tester modules of different capabilities, thereby 
testing a plurality of different kinds of devices or functional 
blocks under test in parallel at the same time. 

It is a further object of the present invention to provide a 
semiconductor test system which can freely accommodate a 
plurality of tester modules of different capabilities, thereby 
establishing a test system having a sufficient test perfor- 
mance with low cost, and further enabling to improve its 
capability in the future. 

The semiconductor test system of the present invention 
includes two or more tester modules whose performances 
are different from one another, a test head to accommodate 
the two or more tester modules having different 
performances, means provided on the test head for electri- 
cally connecting the tester modules and a device under test, 
an optional circuit corresponding to the device under test 
when the device under test is a mixed signal IC having 
analog and digital functions, and a host computer for con- 
trolling an overall operation of the test system by commu- 
nicating with the tester modules through a tester bus. One 
type of the performances of the tester module is a high speed 
and high timing resolution while other type of performance 
is a low speed and low timing resolution. 

In the semiconductor test system of the present invention, 
each of the tester modules includes a plurality of event tester 
boards. Under the control of the host computer, each tester 
board provides a test pattern to a corresponding pin of the 
device under test and evaluates a resultant output signal 
from the device under test. 

Since the semiconductor test system of the present inven- 
tion has a modular structure, a desired test system can be 
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formed freely depending on the kind of devices to be tested 
and the purpose of the test. Thus, when the device under test 
is a mixed signal integrated circuit (having both an analog 
circuit and a digital circuit therein), the analog circuit and 

5 the digital circuit can be tested in parallel at the same time. 
When the device under test is a high speed logic IC, only a 
small portion of the logic circuits therein are actually 
operating in the high speed. Thus, for testing such a high 
speed logic IC, a small number of tester pins have to have 
high speed capability. In the semiconductor test system of 
the present invention, the specification for connecting the 
test head and tester modules (interface) is standardized. 
Accordingly, any tester modules having the standard inter- 

15 face can be installed at any positions in the test head. 

As noted above, in the semiconductor test system of the 
present invention, the tester module (tester board) is con- 
figured by event based architecture where all the information 
required for executing the test is prepared in the event based 
format. Therefore, the rate signal showing the start timing of 
each test cycle or the pattern generator which operates in 
synchronism with the rate signal used in the conventional 
technology are no longer necessary. Because it is not nec- 

25 essary to include the rate signal or pattern generator, each 
test pin in the event based test system can operate indepen- 
dently from the other test pins. Therefore, different types of 
test, such as analog circuit test and digital circuit test can be 
performed at the same time. 

Further, because of the event based architecture, the 
hardware of the event based test system can be dramatically 
reduced while the software for controlling the tester modules 
can be dramatically simplified. Accordingly, an overall 

35 physical size of the event based test system can be reduced, 
resulting in further cost reduction, floor space reduction and 
associated cost savings. 

Further in the semiconductor test system of the present 
invention, the logic simulation data in the design stage of the 
device in the electronic design automation (EDA) environ- 
ment can be directly used to produce the test pattern to test 
the device in the evaluation stage. Thus, a turnaround time 
between the design of the device and the evaluation of the 

45 device can be substantially decreased, thereby further 
decreasing the test cost while increasing the test eflBciency. 

BRIEF DESCRIPTION IF THE DRAWINGS 
FIG. 1 is a block diagram showing a basic configuration 
50 of a semiconductor test system (LSI tester) in the conven- 
tional technology. 

FIG. 2 is a schematic diagram showing an example of 
outward appearance of a semiconductor test system in the 
conventional technology. 

FIG. 3 is a diagram for comparing an example of descrip- 
tions for producing a cycle based test pattern in the conven- 
tional semiconductor test system with an example of 
descriptions for producing an event based test pattern in the 
60 semiconductor test system of the present invention. 

FIG. 4 is a block diagram showing an example of test 
system configuration for testing admixed signal IC (mixed 
signal integrated circuit) by a semiconductor test system of 
g5 the present invention, 

FIG. 5 is a block diagram showing an example of circuit 
configuration in an event tester provided in an event tester 
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board which is incorporated in a tester module in accordance resultant from the test pattern. For testing the analog func- 

with the present invention. tion of the device under test, an optional circuit 48 may be 

FIG. 6 is a schematic diagram for establishing a semi- provided in the test system. Such an optional circuit 48 

conductor test system having test pins grouped into different includes, for example, a DA converter, an AD converter and 

performances by incorporating a plurality of tester modules ^ 

of the present invention. ^^^h event tester board 43 includes event testers 66^-6632 

, . , ^ for 32 channels for example, an interface 53. a processor 67 

FIG. 7 is a block diagram showmg an example of tester , 1- i_ "71 — I — 77 — . . 

. , ^ , ^ and a memory 08. Each event tester 06 corresponds to a 

module which is comprised of a plurality of event tester ^^^^^^ ^^^^ ^^^^ -^^^ ^^^^^^^^ ^^^^ ^^^^ 

boards to be used in the semiconductor test system of the 10 ^^^^^^ ^^^^ ^^^^^^^^ ^^^^^ ^^^^^^ ^^^^^^^ 

present invention. ^y^^t memory 60, an event execution unit 47, a driver/ 

FIG. 8 is a schematic diagram showing an internal struc- comparator 61 and a test result memory 57. 
ture of a mixed signal IC which is mixed with an analog The event memory 60 stores event data for producing a 

function and a digital function, and a concept of testing such test pattern. The event execution unit 47 produces the test 

different functions in the mixed signal device under test in pattern based on the event data from the event memory 60. 

a parallel fashion by the semiconductor test system of the The test pattern is supplied to the device under test through 

present invention. the driver/comparator 61.^ In the case where an input pin of 

FIG. 9A is a schematic diagram showing a test process for the device under test is an analog input, the optional circuit 

testing the mixed signal device by the conventional semi- 48 noted abov e converts the test pattern to'an analog signal 

conductor test system and FIG. 9B is a schematic diagram by t*he DA converter therein. Thus, the analog test signal is 

showing a test process for testing the mixed signal device by applied to the device under test. An output signal of the 

the semiconductor test system of the present invention. device under test is compared with an expected signal by the 

FIG. 10 is a schematic diagram showing an example of 25 driver/comparator 61, the result of which is stored in the test 

outward appearance of the semiconductor test system of the result memory 57. In the case where an output signal from 

present invention. the device under test is an analog signal, if necessary, such 

an analog signal is converted to a digital signal by the AD 

DETAILED DESCRIPTION OF THE converter in the optional circuit 48. 

PREFERRED EMBODIMENl^ 30 r:T<- < • ki u ^ u - if 

FIG. 5 IS a block diagram showing an example of con- . Jj^ '/(L 

The embodiment of the present invention is explained figuration in the event tester 66 in the event tester board 43 iMt^^HiA (a*?U>^ 

with reference to FIGS. 4-10. FIG. 4 is a block diagram in more detail. The further detailed description regarding the 

showing a basic structure of the semiconductor test system event based test system is given in the above U.S. patent 

of the, present invention for testing an analog/digital mixed 35 application as well as U.S. patent application Ser. No. 

signal integrated circuit (mixed signal IC). In the semicon- 09/259,401 owned by the same assignee of this invention. In 

ductor test system of the present invention, a test head (tester FIG. 5, the blocks identical to that of FIG. 4 are denoted by 

main frame) is so configured that one or more modular the same reference labels. 

testers (hereinafter "tester module") are selectively installed The interface 53 a nd the processor 67 are connected t o the 

therein. The tester modules to be installed can be a plurality tester processor (host computer) 41 through the system bus, 

of same tester modules depending on the number of tester 54. The i nterface 53 is used, for ex ample, fr^r iransfe.rrinp 

pins desired or a combination of different tester modules data from the tester cojitrnl1ft|r 41 tn a ^nnt shown) in 

such as a high speed module HSM and a low speed module the event tester board to^ assign the event ^ester^ tn the^ 
LSM- 45 input/ouiput pins of the device undenJesL For example. 

As will be explained with reference to FIGS. 6 and 7 later, when the host computer sends a group assigning address to 
each tester module is provided with a plurahty of event tester the system bus, the interface 53 interprets the youp assign - 
boards 43. for example, eight (8) tester boards. Further, each ing^dress and allows the data from the host computer toJ? e 
event tester board includes a plurality of event testers 66 stored in the register in the specified event tester board, 
corresponding to a plurality of tester pins, such as 32 event 50 -j^^ processor 67 is provided, for example, in each event 
tester for 32 tester pins. Therefore, in the example of FIG. 4, tester board, and controls the operations i n the event tester 
an event tester board 43^ deals with an analog part of the board including generation of events (t est patterns), evalu- 
device test while other event tester boards 43 cover a digital ation o'f output signals from the device under test, and 
part of the device test, acquisition of failure data. The processor 67 can be provided 

In the test system of FIG. 4, the plurality of event teste r at each tester board or every several tester boards. Further, 

boards 43 ar e controlled by a tester controller 41 , which is the processor 67 may not always necessary be provided in 

a host computer of the test system, through a system bus 64. the event tester board, but the same control functions can be 

As noted above, for example, eight event tester boards 43 made directly by the tester controller 41 to the event tester 

may be installed in one tester module. Although not shown boards. 

in FIG. 4, typically, a test system of the present invention is An a^ddress controller 58 is, for example, in the most 

configured by two or more such tester modules as shown in simple case { a program^ounTenl The address controller 58 

FIG- 6. controls the address supplied to'^th e failure data memor y 57 
In the test system of RG. 4, the event. tester board 43 ^5 and the event memory 60 . The event timing data is trans- 

apphes aJLest pattern J^e^t^ignal) to audevicc under test 19. ferred to the event memory 60 from the host computer as a^^-^. 

and examines a response signal from the device under test test program and stored therein. ^ 
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The event memory 60 stores the event liming data as perform a test operation from the other Consequently, in the 

noted above which defines timing of each of the events case where a pluraUty of different kinds of test have to be 

(change points from "1" to "0" and from "0" to "1"). For performed, such as in testing the mixed signal device under 

example, the event timing data is stored as two types of data, test which includes an analog signal and a digital signal, 

one of which shows integer multiples of a reference clock 5 ^^^^ different kinds of test can be conducted in parallel at the 

cycle while the other shows fractions of the reference clock game lime. Further, start and end timings of such different 

cycle. Preferably, the event timing data is compressed before test can be independently estabHshed. 

being stored in the event memory 60. ^ . . ... _ ..t-u- 

^ ^, , , . . . ^« . FIG. 6 IS a schematic diagram for establishing a semi- 

In the example of FIG. 5, the event execution unit 47 in j * . * * u ■ * . ■ • * j-rr 

^ . ^ , .. \ . . . . 10 conductor test system having test pins grouped mto different 

FIG. 4 IS configured with a decompression imit 62, a timing - . . i 7^ r . . , , 

, . 7 . J , . ^ J performances by mcorporatmg a plurahty of tester modules 

count/scalmg logic 63, and an event generator 64. The f the t ve t 

decompression unit 62 decompresses (reproduces) the com- pr n i i . 

pressed timing data from the event memory 60. The liming ^ ^^st head 124 is provided with a plurality of tester 

count/scaling logic 63 produces time length data of each ^5 modules depending on, for example, the number of pins of 

event by summing or modifying the event timing data. The a test fixture 127, a type of the device to be tested, and the 

time length data expresses the timing of each evenl by a time number of pins of the device to be tested. As will be 

length (delay time) from a predetermined reference point, described later, an interface (connection) specification 

The event generator 64 produces a test pattern based on between the test fixture and the test module is standardized 

the time length data and provides the test pattern to the 20 so that any tester modules can be installed in any positions 

device under test 19 through the driver/comparator 61. Thus, in the test head. 

a particular pin of the device under test 19 is tested by The test fixture 127 includes a large number of clastic 

evaluating the response output therefrom. The driver/ connectors such as pogo-pins to electrically and mechani- 

coraparalor 61 is mainly formed with, as shown in FIG. 4, ^ally connect the tester modules and a performance board 

a driver which drives the test pattern to be applied to the ^28. The device under test 19 is inserted in a test socket on 

particular device pin and a comparator which determines a performance board 128, thereby establishing an electri- 

vohage level of an output signal of a device pin resultant communication with the semiconductor lest system. The 

from the test pattern and compares the output signal with the , . , ao u • t-t^-^ a ^ u j - 1 

e I d lo c data *^ » optional circuit 48 shown in FIG. 4 to be used in analog 

^ ^ ' ... . - . , •'^ testing can be formed on the performance board 128 depend- 
In the event tester summarized above, the input signal . ^. *• f *i. j • « u . « j 
, . . ... , . , . . , mg on the specification of the device to be tested, 
applied to the device under test and the expected signal 

compared with the output signal of the device under lest are ^ach of the tester module has a predetermined number of 

produced by the data in the evenl based format. In the event P^^ g^o^P^- For example, one high speed module HSM 

based format, the information of change points on the input 35 installs printed circuit boards corresponding to 128 test pins 

signal and expected signal is formed of action information (test channels) while one low speed module LSM installs 

(set and/or reset) and lime information (time length from a printed circuit boards corresponding to 256 test pins. These 

specified point). numbers are disclosed only for an exemplary purpose, and 

As noted above, in the conventional semiconductor test various other numbers of test pins are also possible. In the 

system, the cycle based method has been used, which ^° example of FIG. 7, the tester module is configured by 256 

requires memory capacity smaUer than that required in the channels as a basic unit in which eight (8) event tester boards 

event based architecture. In the cycle based test system, the 43 are instaUed. Each event tester board includes, for 

time information of the input signal and expected signal is example, 32 evenl testers (test channels) . 

formed of cycle infonmalion (rate signal) and delay time 45 As noted above, each board in the tester module has event 

information. The action information of the input signal and testers each of which generates and applies test patterns lo 

expected signal is formed of waveform mode data and the corresponding pin of the device under test through the 

pattern data. In this arrangement, the delay time information perfonnance board 128. Output signals of the device under 

can be defined only by the hmited number of data. Further, test 19 responsive to the lest pattern are transmitted to the 

to generate the pattern data with flexibility, the lest program ^° event tester board in the tester module through the perfor- 

musl includes many loops and/or subroutines therein. mance board 128 and are compared with the expected 

Therefore, the conventional test system requires compli- signals to determine the pass/fail of the device under test, 

cated structures and operational procedures. Each tester module is provided with an interface 

In the event based test system, such complicated struc- 55 (connector) 126. The connector 126 is so arranged lo fit to 

tures and operational procedures of the conventional cycle the standard specification of the test fixture 127. For 

based test system are unnecessary, thereby easily increasing example, in the standard specification of the test fixture 127, 

the number of test pins and/or incorporating the test pins of a structure of connector pins, impedance of the pins, dis- 

different performances in the same test system. Although the tance between the pins (pin pitch), and relative positions of 

event based test system requires a memory of large capacity, the pins are specified for the intended test head. By using the 

such an increase in the memory capacity is not a major interface (connector) 126 which matches the standard speci- 

problem since the increase in the memory density and the fication on all of the tester modules, test systems of various 

decrease in the memory cost are rapidly and continuously combinations of the tester modules can be finely established, 

reahzed today. ^5 Because of the configuration of the present invention, a 

As in the foregoing, in the event based lest system, each test system of optimum cost/performance which matches the 

of the test pins or each group of test pins can independently device under test can be established. Further, improvement 
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of the performance of the test system can be achieved by independently from the other test pins. Thus, by assigning 

replacing one or more test modules, thus, an overall life time groups of test pins to different devices or blocks under test, 

of the test system can be increased. Moreover, the test two or more different devices or blocks can be tested at the 

system of the present invention can accommodate a plurality same time. Therefore, according to the semiconductor test 
of test modules whose performances are different from the 5 system of the present invention, an analog circuit and a 

other, and thus, the desired performance of the test system digital circuit in a mixed signal device can be tested in 

can be achieve directly by the corresponding test module. parallel at the same time. 

Therefore, the performance of the test system can be easily ^ j . . . . , 

and directl im roved As noted above, m the semiconductor test system of the 

T-T^ o • LI I J- i_ • i_ • . r 30 present invention, the tester module (tester board) is con- 

FIG. 8 IS a block diagram showing a basic concept for ^ l ^ . i . / 

conducting different types of test in parallel for a mixed figured by event based architecture where aU the mformation 

signal device 19 having analog and digital fiinclions by the f ^^^^^^ ^^^^ P^P^^^^ >° 

semiconductor test system of the present invention. In this ^0^°^^^* Therefore, the rate signal showing the start timing of 

example, the mixed signal device 19 includes an AD con- ,5 ^^^^^ ^^^^^^ P^"^^° generator which operates in 

verter circuit, a logic circuit, and a DA converter circuit. The synchronism with the rate signal used in the conventional 

semiconductor test system of the present invention can technology are no longer necessary. Because it is not nec- 

perform test for each group of specified number of tester *^^^^y ^"^^^^^ '^^^ ^^Snal or pattern generator, each 

pins independently from the other group as noted above. ^^^^ P^° ^^^^ system can operate indepen- 
Therefore, by assigning the groups of tester pins to these 20 dently from the other test pins. TTierefore, different types of 

circuits in the mixed signal device, these circuits can be ^^^^^ ^^g^^^^ ^^^^^^ ^^'^ 

tested in parallel at the same time. performed at the same time. 

HG. 9A is a schematic diagram showing a test process for ^^^^^ ^he semiconductor test system of the present inven- 

testing the mixed signal device by the conventional semi- 25 ^ modular stmcture, a desired test system can be 

conductor test system and FIG. 9B is a schematic diagram formed freely depending on the kind of devices to be tested 

showing a test process for testing the mixed signal device by ^he purpose of the test. Further, the hardware of the 

the semiconductor test system of the present invention. ^^^^^ ^^^^ 'est system can be dramatically reduced while 

When testing the mixed signal IC having analog and digital ^he software for the test system can be dramaticaUy simpli- 

circuits such as shown in FIG. 8 by the conventional fied. Accordingly, the tester modules of different capabilities 

semiconductor test system, the test must proceed in a series performances can be instaUed together in the same test 

fashion such as completing one test and moving to the next system. Furthermore, as shown in FIG. 6, an overall physical 

test. Therefore, the overall time required for completing the size of the event based test system can be considerably 
test is the sum of times of aU of the tests as shown in HG. 35 educed, resulting in further cost reduction, floor space 

9^ reduction and associated cost savings. 

In contrast, when testing the mixed signal IC shown in Further in the semiconductor test system of the present 

FIG. 8 by the semiconductor test system of the present invention, the logic simulation data in the design stage of the 

invention, the AD converter circuit, logic circuit and DA device in the electronic design automation (EDA) environ- 
converter circuit can be tested in parallel at the same time as ^ Da®°t can be directly used to produce the test pattern to test 

shown in FIG. 9B. Thus, the present invention can dramati- the device in the evaluation stage. Thus, a turnaround time 

cally reduce the overall test time. Since it is a common between the design of the device and the evaluation of the 

practice to evaluate the test result of the AD converter circuit device can be substantially decreased, thereby further 
or DA converter circuit by predetermined formulas, a com- 45 decreasing the test cost while increasing the test efficiency, 

putation time after each of the AD and DA circuit test is What is claimed is: 

provided in FIGS. 9A and 9B. 1. A semiconductor test system for testing a mixed signal 

Anexampleofouterappearanceof thesemiconductortest integrated circuit, comprising: 

system of the present invention is shown in the schematic two or more tester modules whose performances are 

diagram of FIG. 10. In FIG. 10, a host computer (main different from one another where each tester module 

system computer) 41 is, for example, a work station having ^"^^tides at least one event tester which produces a test 

a graphic user interface (GUI). The host computer functions P'^^"™ ^""^^ ^° ''^^ ^'^^^^^^ ^^^^^^^^ 

as a user interface as well as a controUer to control an overall ^ test head to accommodate the two or more tester 

operation of the test system. TTie host computer 41 and the „ ^^^^^^^^ performances; 

inner hardware of the test system are connected through the P^^^^^^^ ^ ^ b^e^^ ^lectricaUy connect- 

system bus 64 (FIGS. 4 and 5). the tester modules and a device under test; 

Hie event based test system of the present invention does °P^^°°^ "/^^^ corresponding to the device under test 

. , . . . • J when the device under test is a mixed signal integrated 

not need the pattern generator and the tuning generator tised ^^^j^^ ^^^^^ ^^^j^^ ^1^^^ ^ ^ ^.^^^^ 

in the conventional semiconductor test system configured by function block and 

the cycle based concept. Therefore, it is possible to substan- u ♦ ™ * f * n- n *• 

^ i' > r a host computer for controlung an overall operation of the 

tially decrease the physical size of the overall test system by test system by communicating with the tester modules 

installing all of the modular event testers in the test head (or through a tester bus; 

tester main frame) 124. whereby the analog function block and the digital func- 

As has been foregoing, in the event based semiconductor Uon block of the mixed signal integrated circuit being 

test system of the present invention, each test pin can operate tested in parallel at the same time, and wherein the 
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event data defines events as any changes in the test 
pattern generated by the event tester at timings relative 
to one fixed reference point. 

2. A semiconductor test system for testing a mixed signal 
integrated circuit as defined in claim 1, wherein one type of 5 
the performances of the tester module is a high speed and 
high timing resolution while another type of performance is 

a low speed and low timing resolution. 

3. A semiconductor test system for testing a mixed signal 
integrated circuit as defined in claim 1, wherein interface 
specification for connecting the tester modules and the 
means for electrically connecting the tester modules and the 
device under test is standardized. 

4. A semiconductor test system for testing a mixed signal 15 
integrated circuit as defined in claim 1, wherein the means 
for electrically connecting the tester modules and the device 
under test is comprised of a performance board having a test 
socket for mounting the device under test thereon and signal 
patterns connected to the test socket, and a test fixture '^^ 
having a connection mechanism for electrically connecting 
between the performance board and the tester modules, 
thereby establishing electrical communication between the 
device under test and the tester modules. 25 

5. A semiconductor test system for testing a mixed signal 
integrated circuit as defined in claim 1, wherein a number of 
tester pins for each tester module is variable. 

6. A semiconductor test system for testing a mixed signal 
integrated circuit as defined in claim 1, wherein a number of '^^ 
tester pins is variably assigned to the tester module, and such 
assignment of test pins and modification thereof are regu- 
lated by address data from the host computer. 

7. A semiconductor test system for testing a mixed signal 35 
integrated circuit as defined in claim 1, wherein each of the 
tester modules includes a plurality of event tester boards 
where each of the event tester boards includes a plurality of 
event testers which are assigned to a predetermined number 
of test pins. 



,006 Bl 

14 

8. A semiconductor test system for testing a mixed signal 
integrated circuit as defined in claim 7, wherein each of the 
tester modules corresponds to one of the event tester boards. 

9. A semiconductor test system for testing a mixed signal 
integrated circuit as defined in claim 7, wherein each of the 
tester modules includes a plurahty of event tester boards 
wherein each of the event tester boards includes an inner 
controller where the inner controller controls, in response to 
instructions from the host computer, to generate a test 
pattern, supply the test pattern to the device under test, and 
to evaluate an output signal of the device under test. 

10. A semiconductor test system for testing a mixed signal 
integrated circuit as defined in claim 1, wherein each of the 
tester modules includes an inner controller where the inner 
controller controls, in response to instructions fi"om the host 
computer, to generate a test pattern from the tester module, 
supply the test pattern to the device under test, and to 
evaluate an output signal of the device under test. 

11. A semiconductor test system for testing a mixed signal 
integrated circuit as defined in claim 1, wherein each of the 
tester modules includes a plurality of event tester boards 
each having a plurality of event tester where each of the 
event testers is assigned to one test pin, wherein each event 
tester is comprised of: 

a controller which controls, in response to instructions 
from the host computer, an operation of the event tester; 

an event memory for storing timing data for each event; 

an address sequencer for providing, under the control of 
the controller, address data to the event memory; 

means for producing the test pattern based on the timing 
data from the event memory; and 

a driver/comparator for transferring the test pattern to a 
corresponding pin of the device under test and receiv- 
ing the output signal from the device under test. 

* * * * * 
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SINGLE PLATFORM ELECTRONIC TESTER chip ICs are also referred to as multifunction ICs or multi- 
function devices. The system-on-a-chip ICs integrate fiin- 

A portion of the disclosure of this patent document damentally different IC subsystems on the same piece of 

contains material that is subject to copyright protection. The silicon. These IC subsystems include VLSI logic cores, 

copyright owner has no objection to the facsimile reproduc- 5 embedded memory, and mixed signal interfaces. Thus, 

tion by anyone of the patent disclosure as it appears in the system-on-chip ICs can incorporate digital circuitry, analog 

U.S. Patent and Trademark OflBce patent files or records, but circuitry, and memory circuitry on a single chip. These 

otherwise reserves all copyright rights whatsoever. subsystems were once available only on a circuit board 

populated with discrete devices, but now are placed on a 

FIELD OF THE INVENTION lo single IC. One example of a system-on-a-chip is the Riva™ 

. „ c 1^ f 1 * • 128 graphics controller sold by nVidia, Inc., Inc. of Santa 

ine present mvention pertams to the field of electromc r^t„„ rvrf t»- no • • i l- • i 

, , ^ . , n , . , . J • KM Clara, Cahf. The Riva 128 is a single chip implementation 

test equipment tor testing integrated circuits. More „ l- i . *u * j- T n • i * -j 

7 1 *u * • 1 . * ■ 1 1 a graphics accelerator that digitally manipulates video 

particularly, the present invention relates to a single platform • ^ *i, * „•» *u ■ i c . 

S , • ! . .t. . ■ t J u .1. J. • , 1 i images and then transmits them in analog form to either a 

electronic tester that includes both digital, analog, and , * i • • % 

^ , . c . • f J • • t • 15 computer or a television monitor, 
memory test circuitry for testing mtegrated circuits havmg 

digital circuitry, memory circuitry, and analog circuitry. disadvantage of the prior art automatic electronic 

testers is that no smgle tester has the performance required 

BACKGROUND OF THE INVENTION '^^^ ^ ^^^^^ digital ICs, analog/mixed signal ICs, 

and memory ICs. To test a broad range of such types of ICs, 

Automatic electronic test equipment has been used to test 20 a company would have to purchase at least two types of 

various types of integrated circuits ("ICs") and discrete testers and train personnel to use at least two types of testers, 

semiconductor components. p^^^^ digital testers and prior art linear/mixed signal 

The different types of integrated circuits have included testers typically have some complementary technology, 

digital ICs, linear ICs, and mixed signal ICs. Examples of however. The prior art linear/mixed signal testers typically 

digital ICs include high-speed very large scale integrated ^5 ^ave some limited digital testing capabihty. The prior art 

("VLSI") digital ICs, including microprocessors and micro- digital testers typically have some limited analog capability, 

controllers. Linear ICs are also called analog ICs. Linear ICs Nevertheless, complementary capabilities of both types of 

are used, for example, to amplify, filter, or shape information testers is extremely limited. Furthermore, the two types of 

such as sound, images, temperature, pressure, speed, testers are typically incompatible. This can resuh in higher 

acceleration, position, or rotation. Examples of linear ICs cost of operation because test equipment is underutilized 

include amplifiers, voltage regulators, voltage detectors, when the device that the tester can exclusively test is not 

operational amplifiers, clock circuits, and phase locked being produced. 

loops Mixed signal ICs handle both digital and analog ^ ^ result, the primary disadvantage of prior art elec- 

^^g"^^- One example of a mixed signal IC is a D to A tronic test equipment is that a single platform tester camiot 

converter that converts digital signals to flnalof^ smnah fully test the full spectrum of ICs, including some of the 

Anomer type or mixea signal is a^to D converter that ^^.^ that have a high level of integration, such 

^ Converts analog signals to diptal sl^ ^s some newer system-on-a-chip ICs. In other words, one 

Different prior art automatic test equipment has been used would have to use both a digital automatic electronic tester 

to test different categories of ICs. Digital automatic test and a linear/mixed signal automatic electronic tester to fully 

systems have been used to test digital ICs. Linear/mixed test certain complex multifunction ICs. Using two testers is 

signal automatic test systems have been used to test linear typically relatively expensive, cumbersome, and time con- 

and mixed signal ICs. suming as opposed to using a single tester. Not only is there 

One example of a prior art digital test system is the the added expense of two machines rather than one, but 

Micromaster™ sold by LTX Corporation of Westwood, 45 typically corporations have employees who are trained on 

Mass, The Micromaster is designed for testing high perfor- one type of tester (digital or linear/mixed signal) but not the 

mance CISC (complex instruction set computing) and RISC other, and vice versa. Furthermore, some tests might be 

(reduced instruction set computing) microprocessors and the extremely difficult, if not impossible, to perform on two 

digital ICs that make up the chip sets that are used with the separate testers sequentially if there is high level of integra- 

microprocessors. tion between analog circuitry and high speed digital circuitry 

Oneexampleof a prior art linear/mixed signal test system 0° ^ single chip. Moreover, in certain instances, prior art 

is the Synchro"^" test system sold by LTX Corporation of testers are not capable of testing the new types of functions 

Westwood, Mass. The Synchro automatic test system is performed by single multifunction ICs, especially those 

designed for high throughput testing of linear ICs and for functions that occur at increasingly high speeds, 

testing of mixed signal ICs that require lower digital pattern 55 SUMMARY AND OBJECT OF THE INVENTION 
rates and moderate digital pin counts. The Synchro tester 

includes independent microprocessors that concurrently An object of the present invention is to provide a single 

control each test instrument applied to the device under test electronic tester for testing digital integrated circuits, analog 

(i.e., the IC under test). This design permits the generation integrated circuits, mixed signal integrated circuits, and 

of test signals and measurements on many device pins at the system-on-a-chip integrated circuits, 

same time in order to speed up test times on high complexity Another object of the invention is to provide an electronic 

ICs. tester that has a modular implementation of hardware and 

Trends in technology have resulted in more circuits, software of the tester, 

transistors, and other devices being placed on integrated An electronic tester is described that has digital, analog, 

circuits. In other words, the level of chip integration has 65 and memory test circuitry on a single platform. A test head 

risen. Because of this, a new category of integrated circuit is coupled to a device under test. The device under test can 

has arisen, called the systera-on-a-chip ICs. System-on-a- be a system-on-a-chip integrated circuit, a mixed signal 
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integrated circuit, a digital integrated circuit, or an analog 
integrated circuit. Digital test circuitry applies digital test 
signals to the device under test coupled to the test head and 
receives digital outputs from the device under test in 
response to the digital test signals. Analog test circuitry 5 
applies analog test signals to the device under test coupled 
to the test head and receives analog outputs from the device 
under test in response to the analog test signals. Memory test 
circuitry applies memory test patterns to the device under 
test coupled to the test head and receives outputs from the lO 
device under test in response to the memory test patterns. A 
tester computer supervises the apphcation of digital, analog, 
and memory test signals from the digital, analog, and 
memory test circuitry to the device under test such that 
signals applied to the device under test can be solely digital 15 
test signals, solely analog test signals, solely memory test 
patterns, or mixed digital test signals, analog test signals, 
and memory test patterns. The test head, the digital circuitry, 
the analog circuitry, the memory test circuitry, and the 
computer are operable as a single platform. 20 

Other objects, features, and advantages of the present 
invention will be apparent from the accompanying drawings 
and from the detailed description that follows below. 

BRIEF DESCRIPTION OF THE DRAWINGS 25 

The present invention is illustrated by way of example 
and not limitation in the figures of the accompanying 
drawings, in which like references indicate similar elements, 
and in which: 

FIG. 1 is block diagram of a single platform electronic 
tester for testing digital ICs, analog ICs, mixed signal ICs, 
and system -on-a-chip ICs. 

FIG. 2 illustrates an electronic tester test head that holds 
both digital test boards and analog test boards. 35 

FIG. 3 is a block diagram of the electronic tester that 
shows various data and control buses. 

FIG. 4 is a block diagram of the electronic tester that 
shows the configuration of the network interface computer 
with respect to the tester controller, the test process ^ 
accelerator, and the digital and analog boards of the test 
head. 

HG. 5 illustrates an action packet of the electronic tester. 

FIG. 6 shows tools and data objects of the network 
interface computer of the electronic tester. 

FIG. 7 shows the graphical user interface of the launcher 
of the electronic tester. 

FIG. 8 shows the graphical user interface of the operator 
tool of the electronic tester. 50 

FIG. 9 shows the graphical user interface for the icon 
palette of test methods for the electronic tester. 

FIG. 10 shows the graphical user interface of the flow tool 
of the electronic tester. 

FIG. 11 shows the graphical user interface of the test tool 
for the electronic tester. 

FIG. 12 shows the graphical user interface of the find 
feature of the test tool for the electronic tester. 

FIG. 13 shows the graphical user interface for the editor 
and debugger of the electronic tester. 

FIG. 14 shows the graphical user interface for selecting an 
analog software routine from the microflow tool of the 
electronic tester. 

FIG. 15 shows the graphical user interface for finding an 65 
analog software routine from the method tool of the elec- 
tronic tester. 
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FIG. 16 illustrates the action bus architecture of the 
electronic tester. 

FIG. 17 is a block diagram of digital test circuitry of the 
electronic tester. 

FIG. 18 is a block diagram of the control pattern memory 
processing unit of the electronic tester. 

FIG. 19 is a block diagram of the data pattern memory 
processing unit of the electronic tester. 

FIG. 20 is a block diagram of the algorithmic pattern 
generator of the electronic tester. 

FIG. 21 is a block diagram of the fail log memory of the 
electronic tester. 

FIG. 22 is a block diagram of the sequenced measure 
system of the electronic tester. 

FIG. 23 is a block diagram of the pulsed power source of 
the electronic tester. 

FIG. 24 is a block diagram of the clocking architecture of 
the electronic tester. 

FIG. 25 is a block diagram of the arbitrary waveform 
source of the electronic tester. 

FIG. 26 is a diagram of the wideband sampler of the 
electronic tester. 

DETAILED DESCRIPTION 

A single platform electronic tester is described that can 
test digital integrated circuits, analog integrated circuits, 
mixed signal integrated circuits, and system-on-a-chip inte- 
grated circuits. Various aspects of the single platform elec- 
tronic tester are described in more detail below. A computer 
of the tester causes a tester controller to send action packets 
to analog test circuitry to execute analog tests of a device 
under test ("DUT"). The computer also causes the digital 
test circuitry to execute digital tests of the DUT. 

The electronic tester of one embodiment includes a sys- 
tem of distributed processing, synchronization, and highly 
interchangeable components. An intended advantage is to 
provide a highly flexible tester that can be relatively quickly 
and easily reconfigured to test digital ICs, analog ICs, mixed 
signal ICs, or system-on-a-chip ICs. An intended advantage 
of this approach is to scale tester cost and size more exactly 
to the requirements of the particular integrated circuits being 
tested. 

A computer-generated graphical user interface of the 
electronic tester allows a user to launch an operating system 
of the electronic tester that can execute digital and analog 
test programs. As described in more detail below, a graphical 
user interface of the electronic tester allows the memory 
components, digital components, and analog components of 
a test program to automatically execute one followed by the 
other. Any number of memory components, digital 
components, and analog components can follow each other. 
Furthermore, the digital, analog, and memory components 
of a test program can execute concurrently. 

The electronic tester also includes a computer that can 
display a graphical user interface that allows a user to see 
and arrange the flow of test program execution that contains 
digital, analog, and memory test components. The electronic 
tester also includes a graphical user interface that allows the 
user to display source code of the analog, memory, and 
digital test program components and a graphical user inter- 
face that allows debugging of the memory, digital and 
analog test program components. 

In the electronic tester, digital test procedures can be 
called from an analog test program and analog test proce- 
dures can be called from a digital test program. 
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The electronic tester also includes special timing circuitry pattern generators. The control pattern memory processing 
to help to ensure proper synchronization. A component of unit 652 uses a flexible set of microinstructions to generate 

the electronic tester, acting as a master, sends a timing complex pattern sequences that require looping, conditional 

marker over a marker bus. A modular test circuit retrieves branching, and nested subroutines. The control pattern 
the timing marker from the marker bus. The modular test 5 memory processing unit 652 also provides microinstruction 

circuit starts a test on a DUT upon receipt of the liming control over per pin pattern source selection, data pattern 

marker. The test is controlled by a test sequence predefined memory sequencing, and algorithmic pattern generator algo- 

for the modular test circuit prior to retrieval of the timing rithms. The digital pattern memory processing unit 674 

marker by the modular test circuit. provides long sequential vector patterns with vector repeat 

Qocking circuitry of the electronic tester is also described capabiUties, which allows engineers to simulate digitally 
in more detail below. Each digital test circuit has a high intensive devices. Each digital pattern generator is a cus- 
speed clock generator. That high speed clock generator tomized integrated processor that executes assembly codes 
generates a clock having a frequency that is adjustable in step by step upon receipt of clock input. The digital pattern 
multiples of an input frequency. A variable frequency clock generators are microcoded. Thus, each digital pattern gen- 
provides an input frequency for the clocks of the digital test erator operates as a sequencer. 

circuitry. The variable clock generator has a continuously Each digital pattern generator of digital test circuitry 20 

adjustable clock frequency that determines the input or includes a control pattern memory processing unit 652 and 

reference frequency for each of high speed clock generators a data pattern memory processing unit 674. 

coupled to the digital test circuits. Analog circuits are The digital pattern generators of digital circuitry 20 can 
coupled to high speed analog clocks. Both the digital vari- 20 jrive 1,024 pins of DUT 50 in parallel. For one embodiment, 

able reference clock and the analog high speed clocks are the digital pattern generators of digital circuitry 20 operate 

referenced to a single, fixed frequency reference in order to at speeds up to 500 megahertz. 

provide frequency coherence among the various elements of por one embodiment, digital test circuitry 20 also includes 

the test system. The fixed frequency reference is a low speed algorithmic pattern generator ("APG") 665 for producing 

patterns for testing embedded memory arrays of DUT 50. 

A discussion of the hardware and software of the elec- Digital test circuitry 20 further includes fail log memory 710 

tronic tester is set forth below in connection with FIGS. 1-6. for capturing accumulated failures, which is used for testing 

A discussion of the graphical user interfaces of the electronic memories. 

tester is set forth in connection with FIGS. 7-15. The action Analog test circuitry 22 includes circuitry for sending and 

bus of the electronic tester is descnbed in connection with receiving analog signals with respect to DUT 50. Analog test 

FIG. 16, Digital and memory test circuitry is described in circuitry 22 includes sequenced measure system™ ("SMS") 

connection with FIGS. 17-21. Analog test circuitry of the gio. Sequenced measure system 610 features analog per- 

electromc tester is descnbed in connection with FIGS. formance from direct current ("DC") to 100 megahertz and 

22-23. Qocking circuitry and associated circuitry of the local digital signal processing ("DSP") that ehminates data 

electronic tester is discussed in connection with FIGS. transfers through electronic testor 10. For one embodiment. 

the sequenced measure system 610 contains analog circuitry 

FIG. 1 is a block diagram of electronic tester 10 with optimized for analog waveform operations up to 100 mega- 
digital and analog test circuitry for testing device under test hertz. For an alternative embodiment, sequenced measure 
50. Electronic tester 10 is a single platform tester. Electronic system 610 is optimized for lower frequency higher preci- 
tester 10 includes test head 16 that includes connector pins sion operations. For one embodiment, a portion of SMS 
for receiving device under test 50. Device under test 50 can circuitry 610 also resides within test head 16. 
be a system-on-a-chip integrated circuit, a mixed signal For one embodiment, analog test circuitry 22 also 
integrated circuit, a digital integrated circuit, and IC includes pulsed power source ("PPS") 770. PPS 770 is a 
memory, or an analog integrated circuit. For an alternative multi-channel high power voltage/current source designed 
embodiment of the invention, electronic tester 10 includes a to test smart power blocks on system-on-a-chip ICs. For one 
second test head. embodiment, a portion of PPS circuitry 770 also resides 

The main body 12 of electronic tester 10 includes cooling within test head 16. 

equipment 38, digital test circuitry 20, power supply 24, For one embodiment, analog test circuitry 22 also 

analog test circuitry 22, bus adapters 26, processor cards 28, includes vector RF (radio frequency) source and measure 

multimeter 30, time measurement unit 32, frequency syn- unit 23. The vector RF unit 23 provides basic scalar source 

thesizer 34, and power supply 36, Refrigeration unit 40 is and measure, modulation, and vector network measurements 

coupled to cooUng equipment 38 via refrigeration line 42. such as S parameters with respect to DUT 50. For one 

Network interface computer 14 controls the overall opera- embodiment, a portion of vector RF unit circuitry 23 resides 
tion of electronic tester 10 and is coupled to main body 12. 55 within test head 16. Vector RF unit 23 is used for testing 

Network interface computer 14 includes a central processing single-chip transceivers, IQ modulators and demodulators, 

unit ("CPU") 44, cathode ray tube ("CRT*) 46, keyboard 48, power amplifiers, VCOs, mixers, LNAs, synthesizers, and 

and mouse 49. For one embodiment of the present invention, phase-lock loops ("PLLs"), for example, 

network interface computer 14 is a SPARC^" workstation Bus adapters 26 of electronic tester 10 are interfaces 
sold by Sun Microsystems of Mountain View, CaUf. 60 between various types of buses used within electronic tester 

Digital test circuitry 20 is the test circuitry used to 10. Processor cards 28 include the microprocessors used 

generate test vectors sent to device under test 50. Digital test within electronic tester 10 to perform various functions, 

circuitry 20 includes a card cage that for one embodiment Multimeter 30 is used as a voltage tester to measure 

holds 16 printed circuit boards. Each printed circuit board various signals, including signals coming to and from DUT 
has 16 digital pattern generators. Digital circuitry 20 has 65 50. For one embodiment of the invention, multimeter 30 is 

four racks of card cages, for a total of 64 printed circuit an HP multimeter sold by Hewlett Packard, Inc. of Palo Alto, 

boards, wherein each printed circuit board has 16 digital Calif. 
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Tune measurement unit 32 is a four channel precision 
time measurement system with a local processor. This 
system contains two special gate channel inputs in addition 
to the start and stop channels through which it can accept 
gating signals, timing strobes, and timing patterns from 5 
external sources. Start and stop events from DUT 50 can be 
synchronized with the third DUT output or with another 
timing source such as a digital pin. For one embodiment, the 
time measurement unit 32 is sold by Wavecrest Inc. of 
Edina, Minn. lo 

Tune measurement unit 32 also contains a programmable 
hold off counter (not shown) that allows time measurement 
unit 32 to measure time intervals within a sequence of events 
specified for the test engineer, including near simultaneous 
start/stop events. Testing can start and stop anywhere on a 15 
leading edge, a trailing edge, after a timing event, or after a 
series of events. 

Frequency synthesizer 34 generates a variable speed clock 
for the digital test circuitry 20 of electronic tester 10. For one 
embodiment of the present invention, frequency synthesizer 
34 is a PTS 310D synthesizer sold by Programmed Test 
Sources of Littleton, Mass, The frequency of the frequency 
synthesizer 34 can be adjusted. 

Power supplies 24 and 36 of electronic tester 10 supply 
power to various circuitry of electronic tester 10, 

Refrigeration unit 40 and cooling equipment 38 is used to 
circulate liquid to cool electronic circuitry of electronic 
tester 10. 

FIG. 2 illustrates test head 16 of electric tester 10. Device 
under test 50 resides on a custom DUT board 70 that is 
installed on test head 16. DUT card 70 is a custom designed 
printed circuit card that has circuit traces that electrically 
connect to metallic pogo pin contacts found in connector 
fields 66 and 68. 

Connector field 66 is made up of digital metallic connec- 
tor pins that are coupled to respective digital pin electronic 
cards 64 that reside on the bottom of test head 16, Connector 
field 68 is made up of metallic connector pins that are 
coupled to respective analog test boards 62 that reside in the ^ 
front of test head 16, Each of the pins in the analog 
connector field 68 is optimized for the type of analog signal 
being transmitted. For example, coaxial connectors are used 
for RF signals to facilitate high bandwidth, low loss, blind- 
mate connections. 45 

For one embodiment of the invention, test head 16 
includes 1,024 digital pogo pins within digital connector pin 
ring 66. For one embodiment, 500 analog connections reside 
within analog connector field 68. 

System configuration module™ ("SCM") board 80 maps so 
tester resources to DUT board 70 and allows for market 
specific customization of signal circuitry for testing families 
of devices. For one embodiment, test head 16 can hold 32 
analog or mixed signal boards 62. Analog boards 62 are also 
called mixed signal boards 62. For one embodiment of the 55 
present invention, analog boards 62 are custom designed for 
the user to perform the desired analog or mixed signal test 
with respect to DUT 50. SCM board 80 includes relays and 
capacitors for switching analog signals between analog 
board 62 and DUT 50. For one embodiment of the present eo 
invention, SCM board 80 is custom designed by the user to 
achieve the desired analog or mixed signal test with respect 
to the DUT 50, Outer analog connector field contains 500 
analog connections and is coupled to SCM board 80, 

Test head 16 can hold 64 pin electronics cards 64. Digital 65 
pin electronics cards 64 are configured in a circular pattern 
underneath DUT board 70. Digital pin electronic cards 64 
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provide relatively high bandwidth source and measure. 
Digital pin electronic cards 64 have relatively fast and 
programmable rise and fall times. Clock pulse widths go 
down to 600 picoseconds for one embodiment. The pin 
electronics cards 64 include an interface that provides a 
two-nanosecond electrical distance between any one of the 
1,024 digital channels and the DUT 50 socket. Pin electron- 
ics cards 64 have the ability to generate low voltage driver 
voltage swings of as little as 50 millivolts for one embodi- 
ment. Pin electronics cards 64 include high bandwidth 
comparators, with 1.0 gigahertz a typical terminated band- 
width for one embodiment. Pin electronics cards 64 include 
circuitry to limit overshoot caused by impedance mis- 
matches. 

For one embodiment, pin electronics cards 64 include a 
differential drive and compare circuitry. In the differential 
drive mode, one set of data is fed into two drivers. One of 
the drivers inverts the data resulting in an accurate differ- 
ential signal. Because the drivers are on the same piece of 
silicon, the signals are affected equally by drift and inter- 
ference so they stay matched. A differential comparator 
determines the difference between the inputs so it is able to 
ignore common mode signals. Circuitry subtracts the voU- 
ages without assigning a binary state and a dual threshold 
comparator can detennine whether the signal passes the 
voltage thresholds. 

For one embodiment of the invention, test head 16 also 
includes 8 slots for accommodating radio frequency ("RF") 
and power modules. Each of the eight module slots 82 on 
test head 16 contains shielded, high bandwidth connectors 
for RF, and high current connectors for power. 

Test head 16 also includes liquid cooling manifolds 76. 

FIG. 3 shows the bus structure and overall architecture of 
electronic tester 10. The embodiment shown in FIG. 3 
includes a second optional test head 18 for testing a second 
DUT 

Network interface computer 14 is coupled to Sbus 102. 
Bus adapter 104 couples Sbus 102 to VME bus 106. Tester 
controller 90 is coupled to VME bus 106. 

Tester controller 90 includes pacemaker circuitry 92 for 
establishing timing and providing an independent clock 
reference. 

Bus adapter 108 couples VME bus 106 to Cbus/Ebus 124. 
Analog resources 96 are coupled to Cbus/Ebus 124. Analog 
resources 96 are also coupled lo test heads 16 and 18. Analog 
resources 96 include circuitry for doing analog source and 
measure tests with respect to test heads 16 and 18. 

Test process accelerator 110 is coupled to both VME bus 
106 and VSB bus 112. Bus adapter 126 is coupled to VSB 
bus 112 and GLINK bus 122. GLINK bus 122 is in turn 
coupled to test head interfaces 98 and 100. Test head 
interface 98 is coupled to test head 16 and test head interface 
100 is coupled test head 18. 

Bus adapter 114 is coupled to both VSB bus 112 and 
Trillium bus 116. Bus adapter 118 is coupled to Trillium bus 
116 and digital backplane bus 120. 

Digital backplane bus 120 is coupled to digital resources 
94. Digital resources 94 are coupled to test heads 16 and 18, 
Digital resources 94 are used for high speed testing with 
respect to digital data. 

FIG. 4 is a view of the architecture of electronic tester 10 
with respect to network interface computer 14, tester con- 
troller 90, test process accelerator 110, analog boards 62, and 
digital boards 64. 

Network interface computer 14 oversees digital tests, and 
analog tests, and memory tests with respect to device under 
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test 50 located in test head 16. For analog tests, network memory test patterns to device under test 50 in test head 16 

interface computer 14 sends a signal to tester controller 90 and monitor the response of DUT 50 to those digital test 

via bus adapter 104 requesting that tester controller 90 signals and memory test patterns. For one embodiment of 

initiate an analog test with respect to DUT 50. Pacemaker 92 the present invention, test processor accelerator 110 includes 
is part of tester controller 90. Pacemaker 92 establishes 5 a 68040 microprocessor sold by Motorola Corporation of 

timing for the analog test. Pacemaker 92 provides an inde- Schaumburg, lU. 

pendent clock reference that analog boards 62 can obtain For one embodiment, network interface computer 14 is a 

synchronization with respect to SPARC workstation sold by Sun Microsystems of Mountain 

Cadence-™ is the operating system for tester controUer 90 „ J'umX 

for controlling analog tests with respect to DUT 50. Cadence lo * ,r * * . ^-^a • 

t ^, c .i. * 1 £ . . An en\^sion++ executive system 130 is the operating 

IS also the name for the computer language for wnlmg test . , - ♦ i • * r . 

c ^ . . c T^i cA environment for network interface computer 14. The 

programs for analog tests of DUT 50. enVision++ executive system 130 runs on top of UNIX. 

To perform an analog test tester controUer sends an action ^^^^^^ ^^^^^^^ computer 14 also includes a tester 

packet 140 to bus adapter 108, which in turn sends the action controller interface 132 that runs on top of UNIX, Tester 

packet 140 to analog boards 62. Analog boards 62 are controller interface 132 is the interface to the Cadence 

coupled to test head 16 and in turn coupled to device under operating system of tester controUer 90, 

test 50. Analog boards 62 contain circuitry for performing Editor and debugger compiler 136 also runs on the UNIX 

analog source and measure tests with respect to device under operating system on network interface computer 14. Editor 

test 50. gjjjj debugger compiler 136 allows the user to edit, debug. 

Action packet 140 is shown in more detail in FIG, 5. and compile both Cadence analog test programs and digital 

Action packet 140 includes an identification number area and memory lest programs that run in the enVision++ 

144 that identifies the test circuitry that is to perform a test executive system 130. The editor portion of editor and 

and what function or action is to be taken by that test debugger compiler 136 allows one to add and delete lines of 

circuitry with respect to DUT 50. For example, the source code. The debugger portion of editor debugger and 

sequenced measure system 610 would look at the identifi- compiler 136 allows one to debug the digital and analog test 

cation number area 144 of action packet 140 to see if SMS programs, for example, by allowing one to insert break 

610 is to perform a test and to see what action is to be taken. points. The compiler portion of editor debugger and com- 

Action packet 140 also includes a pin number area 146 for piler 136 is line oriented and compiles the test programs and 

identifying the pin of DUT 50 that is to be tested. Action procedures. 

packet 140 includes an area 148 for the identification of the ^° jegter interface 134 also runs on UNIX on network 

voltage that is to be applied to a pin (identified in area 146 interface computer 14. 

of the action packet) of device under test 50. ^^^j^^ interface 134 is also called the enVision++ 

For an embodiment of the invention, action packet 150 launcher. Tester interface 134 allows one to start or launch 

also includes area 150 for providing additional information the test program en\^ion++ environment by clicking launch 

with respect to the analog test with respect to device under button 138 with a computer mouse 49. Tester interface 134 

test 50. For example, for a forcing voltage test, the additional is also caUed the enVision++ launcher 134 or just lanucher 

information 150 would include the current range and the 134^ 

current clamp value. piG. 6 shows some of the software components of net- 
Tester controller 90 of FIG. 4 is microprocessor con- 40 work interface computer 14. The enVision++'™ executive 

troUed. For one embodiment, tester controller 90 includes a system 130 is launched by the enVision++ launcher 134. The 

68030 microprocessor sold by Motorola Corporation of enVision++ executive system 130 is also called the 

Schaumburg, lU. For one embodiment, the microprocessor enVision++ software system, the enVision++ operating 

of tester controller 90 executes the Cadence programming environment 130, or the test program environment 130. The 
language. The Cadence programming language is available 45 enVision++ executive system runs on top of UNIX and is a 

from LTX Corporation of Westwood, Mass. Cadence is a visual operating system using OSF/Motif, en Vision ++ 

programming language that is similar to Pascal, but that is includes a device oriented graphical user interface ("GUI"), 

tailored for electronic test applications. By using an X Windows system, the enVision++ operating 

The action packets 140 sent by test controUer 90 are system may be run from any X Windows terminal or 
destined for analog boards 62 shown in FIG, 4. Analog 50 workstation capable of running X Windows. The 

boards 62 are also called test modules 62. For one enVision++ executive system 130 controls the digital test 

embodiment, at least one of the analog boards 62 contains circuitry, the analog test circuitry, and the memory test 

either a 68000 series microprocessor sold by Motorola circuitry of electronic tester 10, 

Corporation of Schaumburg, III. or a Power PCm micro- enVision++ operating system 130 is an object oriented 
processor sold by Motorola Corporation of Schaumburg, III. 55 platform, enVision++ 130 is tester architecture independent. 

Digital testing and memory testing of DUT 50 can occur enVision++ 130 uses an appUcation-oriented test program 

concurrently with respect to analog testing of DUT 50. information base. enVision++ 130 has a reusable, modular 

Digital testing, analog testing, and memory testing of DUT test program structure. enVision++ 130 uses real time inter- 

50 can also occur in a serial manner. action with no batch compilation. enVision++ 130 uses 

Network interface computer 14 also oversees digital test- 60 graphical user interfaces for all functions. enVision++ 130 

ing and memory testing with respect to device under test 50 includes off line simulation features. enVision++ 130 also 

located in test head 16. Network interface computer 14 sends includes integrated characterization tools. enVision++ 130 

a signal over bus adapter 104 to test processor accelerator includes hierarchical waveform and pattern objects. 

110. Test process accelerator 110 in turn sends a signal over enVision++ 130 uses distributed expression processor capa- 
bus adapter 114 and bus adapter 118 to digital boards 64. 65 biUties. enVision++ 130 also uses standardized methodol- 

Digital boards 64 are also called digital pin electronics cards ogy. enVision++ 130 relies on an appUcation oriented struc- 

64. Digital boards 64 in turn apply digital test signals and ture of test information. 
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Operator tool 160 is used by the user to specify and load When a program is loaded, the information is resolved 

a test program. A test program is loaded by selecting start into specific attributes of the selected tester. Tester resource 

button 162 with mouse 49. allocation and rules checking is performed at this time. 

A test program developed in the enVision++ executive Pattern, waveform, and timing information is resolved into 

system 130 consists of a set of objects, such as objects 176 5 the specified tester implementations. Programs can also be 

through 184, that are stored in shared memory 174 on the loaded, resolved, and simulated off line, 

network interface computer 14. Objects 176 through 184 are enVision++ executive system 130 provides a total 

interconnected at the object level. Each of objects 176 ^ integration of multisile testing (paraUel testing) 

through 184 can be viewed by means of an associated tool 3^ sites for one embodiment, 

that provides visual display and modification of the object. ^„ . , ,^ . 

Objects can include, for example, test objects, flow objects, ^TIL objects can be read mto the en\rision++ executive 

spec objects, pattern objects, and levels objects. system 130 through a STIL reader and then modified and 

An enVision++ test program running within the saved as en\rision++ test objects. 

enVision++ executive system 130 is a database of test Each test in an enVision++ program selects a test method 

objects, such as digital waveforms, analog waveforms, and from a library of test methods and provides the test specific 

pin maps. There are several different classes of test infor- parameters and conditions. The library is a collection of 

mation objects. Each object contains information about generic procedures that cover a spectrum of very large scale 

some part of the test program. All test objects except pattems test applications. A test method provides a standardized 

are saved on a disk of network interface computer 14 in a predefined test process (e.g., a leakage test) that is intended 

compact ASCII syntax. to be common for all test programs. 

The test engineer builds a test program as a series of test j^^j methods 187 are procedural functions that are written 

objects and procedures using a graphical user interface to the C++ language to perform a certain test or classes of 

navigate the library of options. The tester interface resolves tests on the device under test 50. Test methods 187 are stored 

the test program for the^ specific tester configuration. In ^ ^ located on network interface computer 14 for 

particular, the tester interface resolves the test mformation ^^^^^.^^ ^^^^ ^ ^^^^ ^.^ ^^^^ ^^^^ 

contamed within the test i^ormation objects and procedures 25 ^^^^^^ ^ ^^^.^ 

into specific tester data and commanck. TTiis software archi- characterization options, 

tecture lets the test engineer create test programs that are ^ . . 

tester independent, eliminating the need to port and maintain The enVision++ executive system 130 allows the test 

multiple versions of the same tester program for different engmeer to write additions 189 to test methods 187. The user 

tester types. Different test programs can use common test 30 additions are written in the C++ language. The test engineer 

objects and procedures. ^ typically given the source code and can make variations 

Test objects can be hierarchical and refer to external lo source code. Test engineers can also write their own 

object files. For example, the test engineer can maintain the code and create their own objects, although for one embodi- 

test specification object as a separate file so that it can be menl new object types cannot be created by a test engineer, 

used by several programs. This allows the test engineer to 35 For an alternative embodiment, new object types can be 

partition test program information in order to support com- created by a test engineer. 

mon test specifications, pattems, timing, and device pack- Cadence procedures (also referred to as Cadence test 

ages. The data contained within an object is application components) are analog test procedures with respect to DUT 

specific information and would be the same for different 50 that are written in the Cadence language and executed by 

testers. 40 ^^^^^^ controller 90 (shown in FIG. 4). A Cadence module 

Test objects interact with or refer to other test objects. For contains Cadence test procedures, 
example, a spec sheet object can contain the test specifica- The en\lsion++ executive system 130 shown in FIG. 6 
tions used by several programs. Upgrading the object includes an expression processor. The expression processor 
updates all test programs using that object. Each data object of the enVision++ executive system 130 is software from the 
can be viewed by means of an associated tool that provides 45 software library of the en\^sion++ executive system 130 
for visual display and modification of the object. that executes formulas or expressions. The expression pro- 
No matter how an object is generated, interactively or cessor allows expressions or formulas to be used in any 
through an ASCII mechanism, once in shared memory 174 place where a constant value would normally be used. This 
the object, such as objects 176 through 184, is viewed and includes, for example, usage in spec parameter cells, test 
manipulated with the same tools. Once loaded, the ASCII 50 parameters, port exit conditions, reference level setup, and 
source files no longer need to be kept on line. A test program, waveform timing setup. 

when loaded, exists in the shared memory of network The tools of the enVision++ executive system 130 include 

interface computer 14. When a test program is saved to disk, the operator tool 160, the test tool 166, the flow tool 164, the 

the test program is transferred into the ASCII syntax for the waveform tool 170, the spec tool 168, the microflow tool 

objects. A test program object contains a fist of all the other 55 171, and the method tool 172, The tools include programs 

objects that make up the test program. When this test necessary to build a usable test program, tools a device 

program is selected for loading, all of the objects that it engineer needs to tune and perfect the test program, tools 

contains are loaded back into shared memory 174 in execut- that communicate results of tests to the operator, and other 

able form once again. Several test program objects may be types of tools. 

created for a given test program thereby allowing variations 60 The spec tool 168 is a testing tool that allows a lest 

of the test program to be made for different applications engineer to tune and perfect a test program. The spec tool 

(such as for wafer sort and final test). It is possible, once into 168 is used to define parameters and expressions made up of 

the enVision++ shared memory 174 environment, to selec- parameters. The parameters are organized into categories 

tively load objects from other test programs. that can be selected by a flow object. The parameters can be 

Once a program is saved, the user has the option of saving 65 used in other objects and test methods. As the device is 

only the objects that have changed and links to the test tested in different categories (i.e., speed categories), the 

program that contain all the unchanged objects, objects and test methods are not affected. 
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The waveform tool 170 is another type of testing tool. The 
waveform tool 170 defines the waveform and timing rela- 
tionships in a test pattern. These relationships resolve each 
of the vector cycle formats from the test patterns. This is 
done for all unique test vector combinations before the test 5 
pattern can be run. Cycle formats may be built on a 
cycle-to-cycle basis across all signals of the device under 
test 50, or they may be built hierarchically with groups of 
signals and over multiple cycles. Because multiple cycles 
are defined together, the error checking can test for cycle- lo 
to-cycle timing violations. The software handles mapping 
the on-screen drawn waveforms onto the specific tester 10 
hardware. The waveform tool 170 also reads a response log 
memory and displays the actual waveform at as it was seen 
by comparators of tester 10. is 

Operator tool 160, flow tool 164, test tool 166, method 
tool 172, microflow tool 171, and launcher 134 are described 
in more detail below. 

FIG. 7 illustrates the graphical user interface for 
enVision++ launcher 134. enVision++ launcher 134 allows 
the user of the electronic tester 10 to launch the en Vision++ 
operating environment 130. The user uses mouse 49 to click 
on the launch button 138 to laimch the enVision++ executive 
system on network interface computer 14. The graphical 
user interface 134 shown in FIG. 7 is the interface that 
appears to the user viewing the cathode ray tube 46 of 
network interface computer 14. 

Menu box 200 shows which software release of 
enVision++ is being launched by network interface com- 
puter 14. The user can click with mouse 49 on user mode 
buttons 202 to indicate whether the en\^sion++ is in the 
production mode or the engineer mode. The user can indi- 
cate that a simulator mode is being used by using menu box 
204, Buttons 206 allow the user to indicate which test head 
of electronic tester 10 is being used for the embodiment of 
tester 10 with two test heads. By typing on line 208, the user 
can indicate an operator tool option. The cancel button 210 
allows the user to cancel the current use of launcher 134, 
which results in the display of graphical user interface 134 
being closed. 

FIG. 8 illustrates the graphical user interface for operator 
tool 160 of enVision++ executive system 130. Operator tool 
160 allows the user of the electronic tester 10 to specify the 
test program to load. Operator tool 160 also allows the user 
to specify the flow and load board object to use. The test 
program can be executed from operator tool 160, and 
indicators as to program status, and loop or single execute 
mode are available. Bin results go to a separate tool called 
the bin tool (not shown) and are not shown directly on the 
operator tool 160. The bin tool shows which bin a DUT 50 
goes into after failing a test. 

The user can start a test program by clicking with mouse 
49 on the start button 162. The user can reset by clicking on 
button 236. The user can restart a test program by clicking 55 
on button 238. 

The electronic test engineer who is using electronic tester 
10 can specify the program name in line 220 of operator tool 
160. The path name for the program specified in line 220 is 
set forth in area 224. 60 

On line 222 the user can select an execution mode to run 
on a single pass, loop continuously, or loop until some 
condition is met. Lines 226 of operator tool 160 allow test 
option parameters to be displayed and altered. Those test 
option parameters are global to the test program. Lines 226 65 
include aUow the display of lot summary information and 
wafer displays. When the user pulls down the File menu 245 
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and clicks mouse 49 on the "Load" command, the fields 
within area 226 are filled in by the test program. Summary 
button 240 can be used to display how many devices were 
tested, how many failed, etc. 

The pull down menu 248 called "Tools" allows the 
start-up by the user of any other test tools of the enVision++ 
executive system 130. 

The setup pull down menu 244 allows the user to estabUsh 
the setup of function keys on the tester interface computer 
14, The setup 244 pull down menu also allows the user to 
specify the tester hardware initialization and specify the 
prober/handler set up. 

Operator tool 160 allows protection to prevent unautho- 
rized access to the tools that allow modification of a test 
program. Controls 234 allow the turning off and on of the 
break, trace, and override features. When the break button is 
turned on, the testing stops at break points. 

The user can select button 242 for specifying operator 
variables. The operator variables are the variables that the 
production operator of electronic tester 10 can control. The 
test temperature is an example of an operator variable. 

Operator tool 160 provides a common way to start both 
digital test programs and analog test programs. Operator tool 
160 allows the user to load enVlsion++ executive digital test 
programs for testing the device under test 50. The operator 
tool 160 also allows the user to load Cadence source and 
binary file formats for analog testing of the device under test 
50. The programs that can be specified in line 220 include 
both digital and analog test programs. Thus, the user of 
electronic tester 10 sees a common graphical user interface 
in the form of operator tool 160 when he or she wants to start 
a test program by pressing the start button 162. 

Button 230 of operator tool 160 allows the user to turn on 
or turn off the data log for the Cadence operating system for 
analog testing. When the datalog for the Cadence operating 
system is turned on, the measurements made during analog 
testing of DUT 50 are written to a file. Button 232 of 
operator tool 160 allows the user of the electronic tester 10 
to turn on or turn off a data list for the Cadence operating 
system for analog testing of device under test 50. The data 
list is similar to the data log, except that the data list takes 
the binary measurement information and puts that informa- 
tion in a format more understandable to the user of electronic 
tester 10, 

Button number 228 of operator tool 160 allows the user to 
turn on or turn off the enVision++ data log. When the 
enVision data log is turned on, the measurements made 
during digital testing of DUT 50 are written to a file. 

Area 239 of operator tool 160 is used to display status. For 
example, the status may be that the program is loading. 

FIG. 9 shows the icon palette 260 for displaying test 
method icons and the Cadence procedure icon. A test method 
is a procedural function written in C++ developed to perform 
a certain test or class of tests on the device under test 50. 
Icon palette 260 shows the icons for the test methods 187. 
These test methods 187 are complete and designed with 
necessary debug and characterization options. 

The hbrary of test methods includes opens and shorts 
("OSpins"), power supply opens and shorts ("OSpower"), 
input leakage ("Itest"), output leakage ("Itest"), tristate 
leakage ("Itest"), current measurement ("Imeas"), functional 
test ("Ftest"), dynamic input voltages ("PARtest"), dynamic 
output voltages (" Vtesf), dynamic output currents ("Itest**), 
power supply margin ("PARtest"), timing verification 
("PARtest"), static supply current ("Ptest"), dynamic supply 
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current ("Ptest"), supply current measurement ("Pmeas"), override, and datalog. line 312 allows the user to specify 

capacitance ("Ctest, Cmeas"), resistance ("Rtest, Rmeas"), sub flow. Button 314 allows the user to specify the viewing 

voltage match ("Vmatch"), voltage differences ("Vdiff"), of graphics. Button 316 allows the user to specify the count, 

current match ("Imatch"), frequency ("FRQtest, Button 318 allows the user to display an expression. Button 
FRQmeas"), and parameter match ("PARmalch"). 5 320 allows the user to specify the move option that allows 

Icon palette 260 includes a display mode 262 pull down user to move from area to area within display 322. 

menu for choosing the test methods 187 as the display. Icon Button 304 allows the user to begin a test by clicking on 

palette 260 includes a line 264 for specifying the type of test button 304. Button 306 is a reset button. 

When a user clicks mouse 49 on an icon of display 322, 

Line 266 of icon palette 260 allows the user to choose a text or a formula associated with that icon appears in area 

Cadence procedure for display. The Cadence procedures are 313. In addition, if the user uses the pull down menu called 

used for analog testing of DUT 50. Clicking mouse 49 on the view 323 to display information, such as the length of a test. 

Cadence procedure line 266 causes icon palette 260 to that information is displayed in area 313. Area 301 is used 

display a Cadence procedure icon. to display status. 

Controls 268 allow the user to choose a test method. FIG. 11 shows the graphical user interface for test tool 

Controls 270 allow the user to keep the selection, use a 166. Test tool 166 is a testing tool that a test engineer uses 

cloned test, or show the icons for the test methods. Controls to develop and fine tune a test program. Test tool 166 

272 allow the user to empty the flow node, empty the test, provides the user with specific details of each test, 

empty a bin, or empty text. Button 274 aUows the user to Test tool 166 provides an interface with respect to both the 

cancel the display of the icon palette, digital C++ test methods and the Cadence procedures for 

Area 275 displays status. analog testing, 

FIG. 10 shows the graphical user interface for flow tool Test tool 166 allows the user to specify the setup and exit 

164. Flow tool 164 provides a graphical representation of conditions that are to be stored in a particular test object. The 
program flow. The graphical representation of program flow 25 setup and exit conditions are used whenever a test flow (as 

is similar to a flow chart for software. Flow tool interface determined by the flow object) requires that a test be 

164 includes display portion 322 for displaying program executed. 

flow. The program flow displayed is the sequence of opera- Line 360 of test tool 166 aUows the user to specify a test, 

tion of the overall program. Each node in the flow display Button 362 aUows the user to begin the test. Button 364 
322 may be a test, a bin, an entry point, or a subflow 30 aUows the user to reset the test. Buttons 366 allow the user 

identifier. to specify whether the following controls should be turned 

Tests are selected fi-om the Cadence procedures (for on or off: break, trace, datalog, and override, 

analog tests) and the library 187 of test methods (for digital Button 368 aUows the user to set up a loop for looping a 

tests). The library may also be extended by the user with user test method or Cadence procedure. Button 370 allows the 

additions 189. The test flow may be developed hierarchicaUy 35 ^^j. looping of a test method or Cadence 

by means of subflows. procedure. For one embodiment, button 372 allows the user 

The test node may have a simple two-way output based on to specify an analysis of the test method or Cadence proce- 

past/faU, or have a multiple way output decision based on dure. For one embodiment, button 374 allows the user to 

the results of the test. Each output is represented on the flow characterize the test method or the Cadence procedure. For 

with a port designator. The decision that causes this port to one alternative embodiment, button 372 allows the user to 

be traversed is defined by test tool 166. specify an analysis of a test method but not a Cadence 

Display 322 of flow tool 164 shows a demonstration procedure, and button 374 allows flie user to characterize a 

display that includes digital test methods 331 through 343. lest method but not a Cadence procedure. 

Display 322 also shows icons 344 and 345 for Cadence Display 380 specifies the test method or Cadence proce- 

procedures for doing analog testing of DUT 50. Cadence dure that is being analyzed by the test tool 166. Display 382 

procedures are written in the Cadence language. Cadence of test tool 166 displays the spec/mask objects defining the 

procedure 344 is an AC/DC test with respect to DUT 50. parameters to be used. 

Cadence procedure 345 is a process array analog test with Display 384 displays the entry objects. The entry objects, 

respect to DUT 50. As shown in FIG. 10, the various test which are also caUed the setup objects, are to be loaded prior 

methods and Cadence procedures shown in display 322 are to execution of the particular test mefliod or Cadence 

Unked by lines showing program flow, procedure. Display 386 displays the exit objects. Upon 

The program flow shown in display area 322 can be completion of the test method or Cadence procedure, the exit 

altered graphicaUy by a user by using mouse 49. Altering the objects are loaded to establish the appropriate reset or idle 
program flow in display 322 in turns alters the actual 55 state for the device under test 50. All tester 10 functions that 

program flow. In other words, a user of electronic tester 10 are not specified in either the set-up or entry objects will be 

can use mouse 49 to rearrange icons, add and delete icons, left unchanged. 

rearrange lines of program flow, and add and delete lines of Clicking on a test method icon or a Cadence procedure 

program flow in display 322, which in turn alters the actual icon allows the user to select flie display of the source code 

program flow. associated with the test method or the Cadence procedure. 

Line 300 of flow tool 164 allows the user to specify what Area 388 of test tool graphical user interface 166 is a 

program flow the user wishes to have displayed. Menu 302 separate area for the definition of the input and output 

aUows the user to specify entry subflows. Buttons 308 aflow parameters of the test method or Cadence procedure. The 

the user to specify on start, on reset, on initial flow, on load, names and types of these parameters are defined by the test 
on restart, on power down, and user calculation. 55 method or Cadence procedure. These parameters may be 

Buttons 310 aUow flie user to specffy whether the fol- either constant values (for example, 5,25 volts), parameter 

lowing items should be turned on and off: break, trace, values directly from the spec object (for example, Vcc), or 
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expressions made up of constants and parameter values (for 
example, (Vcc-10%)+500 millivolts). 

Area 371 is used to display information requested by 
using the pull down menu called view 421. Area 371 also has 
other uses. If the user clicks mouse 49 on one of the cells or s 
boxes within display area 388, the full text associated with 
that cell appears in area 371. If the user indicates a cell 
within display area 388 by using mouse 49 and then writes 
test in area 371, then hitting the return key causes that text 
to be written to the respective cell within display area 388. 

Qicking on move button 378 with mouse 49 causes the 
displaying of arrows that allow a user to move from cell to 
cell within display area 388. 

Button 376 toggles between "expression" and "value." 
When "expression" is selected using button 376, a formula 
is shown in the respective cell selected within area 388. 
When "value" is selected using button 376, a result of that 
formula — ^i.e., a value — is shown in the respective cell 
selected within area 388. 

Button 372 is used for controlling debugging. Button 374 
is used for controlling the characterization options with 
respect to the test method or Cadence procedure. 

Area 390 of test tool graphical user interface 166 is for 
exit port expressions. Test tool 166 defines the exit port 
expressions. A list of expressions is evaluated in sequence. 
When a true condition is encountered, the associated port ^5 
will be chosen. The exit ports are not part of the test method 
or Cadence procedure. Decisions are generally based on a 
pass/fail flag from the test method (or Cadence procedure) or 
based on comparisons to measurements on the DUT 50. 

FIG. 12 shows how to call a Cadence procedure (for 30 
analog testing) from the lest tool 166. Test tool 166 includes 
a test tool "find" function 400. The test tool "find" window 
400 can be displayed by choosing the "find" function from 
the options pull-down menu 420. 

When the test tool find window 400 is chosen using the 35 
options pull down menu 420, the test tool find window 400 
appears on the cathode ray tube 46 of network interface 
computer 14. The test tool find window 400 allows the user 
to locate test methods by pressing button 404 or locate 
Cadence routines by pressing button 402. In FIG. 12, the ^ 
Cadence routines button 402 was selected. The names of the 
Cadence modules are displayed in area 406. A Cadence 
module is a file. There can be multiple Cadence procedures 
within a Cadence module. The Cadence routines are dis- 
played in area 408 of test tool find window 400. The selected 
object is displayed on line 410 of test tool find window 400. 
The user can click on button 412 to indicate that the Cadence 
routine specified should be displayed and called. The user 
can cancel the display of the test tool find window 400 by 
pressing button 414. 

For one embodiment. Cadence routines lack the following ^0 
features associated with digital test methods: multisite 
support, analysis support, characterization support, help/ 
documentation, and argument comments. Moreover, for that 
embodiment, the Cadence routines have not been designed 
and tested to be general. For an alternative embodiment, 55 
Cadence procedures include multisite support, analysis 
support, characterization support, help/documentation, argu- 
ment comments, and have been designed and tested to be 
general. 

FIG. 13 shows the graphical user interface for the editor eo 
and debugger compiler 136 for the network interface com- 
puter 14. The editor and debugger compiler 136 is also 
called Cadence debugger 136. 

Cadence is a full featured line -by-line compiled test 
language designed specifically for writing and debugging of 65 
Cadence procedures for analog testing of device under test 
50. 
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The Cadence debugger 136 helps to eliminate the time 
consuming edit/compile/link/restart process. With the 
Cadence debugger 136, the test engineer can stop at any line 
in the Cadence test program, change any line of code, and 
continue debugging. 

The Cadence debugger 136 is supported by tools that 
guide the test engineer through the development process, 
including instrumentation syntax, a library of DSP 
functions, graphical status displays, instrument control 
panels, and DSP waveform displays. 

The Cadence debugger graphical user interface 136 
appears on the screen 46 of network interface computer 
when the test engineer clicks mouse 49 on a Cadence 
procedtire icon or object, such as Cadence procedure icon 
344 shown in FIG. 10, The Cadence debugger 136 shown in 
FIG. 13 then appears on screen 46 of network interface 
computer 14, which allows the test engineer to view, debug, 
or execute the Cadence test procedure, 

I*ull down menus 432 on the Cadence debugger 136 allow 
the test engineer to choose various options regarding file, 
edit, search, keys, panel, tester, data list, data log, and tools. 

Area 434 of graphical user interface 136 displays the 
Cadence source code, which allows the user to edit, debug, 
or simply view the source code. 

Triggers and break points are supported by the Cadence 
debugger 136. Triggers and break points serve multiple 
purposes on electronic test system 10. One application is to 
provide a mechanism for debugging a test program. A 
second application is to provide a mechanism for analyzing 
or debugging device under test 50. A third application is to 
provide a means of collecting (or disabling collection of) 
data from device under test 50, All of these uses are also 
supported by the operator tool 160 of FIG. 8, which includes 
trigger and break point tools found in pull down menu 248 
and break button 234, 

The user of electronics tester 10 may select fi-om a variety 
of trigger events, and upon the event occurring, may either 
suspend execution or perform some operation to continue. 
Triggers and break points can be enabled and disabled as 
needed. 

The execution panel 435 of Cadence debugger 136 allows 
the user of test system 10 to call enVision++ test methods 
and other routines. One way is to execute an ,en\^sion++ 
object. One function call can execute nearly any enVision++ 
object. Another way is by executing an enVision++ ETIC. 
"ETIC" stands for enVision ++ tester interface class. An 
ETIC is the interface between enVision ++ and the hardware 
of electronic tester 10. ETlCs are built into the Cadence 
operating system and are called in a Cadence like syntax. 
The other way is to get the value of an enVision++ expres- 
sion. In short. Cadence and enMsion ++ can share data and 
can communicate with each other. For one embodiment, 
enVision ++ test methods, routines, and data can be called 
from Cadence only if both en\^sion ++ and Cadence are 
loaded. 

The run button 436 of Cadence debugger graphical user 
interface 36 shown in FIG. 13 causes the Cadence source 
code to execute. Resume button 438 causes the Cadence 
source code to resume execution. Step button 440 allows the 
test engineer to step through a Cadence routine. Button 442 
of Cadence debugger 136 allows the test engineer to set a 
break point for the Cadence source code. 

Button 444 of Cadence debugger 136 allows the test 
engineer to execute a single line at time of the Cadence 
source code. Button 446 of Cadence debugger allows the test 
engineer to run the Cadence program up to a specific line. 
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Button 448 allows the user to resume to a line. Button 450 Cadence routines are selected and the names of the Cadence 

allows the test engineer to let the Cadence program execute routines are shown in area 510. 

through a specific break point. Button 452 allows the test Area 512 allows the display of a selected object. Button 

engineer to delete a break point. Button 454 allows the test 514 allows the user to agree to the finding of a particular 
engineer to move a pointer. Button 456 allows the user to 5 microflow event. A button 516 allows the user to cancel the 

view other panels. Button 458 allows the user to resume to finding of a particular microflow event, 

the end body. Button 460 aUows the user to delete all break pi^. 15 shows a portion of the method tool graphical user 

points. Button 462 allows the user to view an active fine. interface 172. Method tool 172 is used for viewing, 

Button 464 aUows the user to view the device tool. Button n,odifying, creating, or debugging test methods, user 
466 allows the user to view a block diagram. Button 468 10 ftmctions, data log formatting routines, microflow event 

allows the user to view a control panel. Button 470 allows methods, or external interface methods. Pull-down menus 

the user to set a DT break point. Button 472 aUows the user 520 aUow the user to select file, edit, and options routines, 

to update. ^^^^ method that is subject of the method tool is set 

Area 474 of Cadence debugger is an echo-back panel that forth in line 522. An icon for the test method is shown in box 

displays text or status. Area 475 of Cadence debugger 136 15 revision information regarding the test method is 

is a command line for the user to execute commands with shown in box 534. The directory for the test method is 

respect to execution panel 435. specified in line 524. The dynamically linked library 

FIG. 14 shows a portion of the microflow tool graphical ("DLL") file name is specified in line 526. Button 538 is a 

user interface 171 of electronic tester 10 that demonstrates button for unlinking the dynamic method. Button 528 is for 

that Cadence routines can be called from the enVision++ editing sources. Button 538 is for reloading. The build 

microflow tool 171. Microflow tool 171 is the interface button (not shown) will compile the source file to executable 

between the user and a microflow object and is the user's object file. Button 552 is for creating a test method. Entering 

view into the microflow object. This provides testing capa- a command in line 530 and pressing move button 532 allows 

bilities that are useful during the debug of each microflow. the user to move to another portion of the enVision++ 

A test engineer writes a microflow object when the test executive system 130 and out of method tool 172. Area 540 

engineer wants to deviate from a lest method. A microflow of Ihe method tool graphical user interface of method tool 

object can be called from a test method, such as from one of 1^2 shows information regarding the method tool such as 

test methods 187. The microflow object is invoked to argument definition. 

perform the additional functions that the test engineer wants Cadence procedures can be selected from within the 

that are not provided by the test method. method tool graphical user interface 172. The select 

To view microflow objects, the user of electronic tester 10 Cadence window 542 that can called from method tool 172 

can launch the microflow tool 171 from the tools menu 248 allows a user to select a Cadence module, 

of operator tool 160. For the user to actuaUy test the device The select Cadence window 542 is useful because 
under test 50 in the context of a single test, the user starts 35 Cadence modules can be caUed from C++ test method. The 

microflow tool 171 by examining one of the microflow method tool 172 is useful for developing C++ test methods, 

object icons in test tool 166. If a Cadence module is to be called firom a test method, the 

During the debug phase of a test program, the microflow ^^"f^ Cadence window 542 is useful in selecting which 

tool 171 is used to trace the low-level hardware fiinctions Cadence procedure to call. 

calls executed by the test/microflow objects up to the break 40 To select a Cadence module, the user clicks mouse 49 on 

point, and to reexecute that sequence after manual changes ^^^^ pull-down menu 521 and chooses the Cadence 

are made by the user. For the latter, the microflow tool 171 modules command. The result of this is that window 542 

can be used to perform temporary changes, or to support the appears on CRT 46 of network interface computer 14, Area 

debug of the test program or device under test 50. ^44 of window 542 Hsts the names of the Cadence modules 

Controls 490 of microflow tool 171 allow the user to 45 ^^f*^* ^^^^^^^^ 

select the file, edit, view, and options pull-down menus. l^^'^^!^'"^^ module with mouse 49 and by hitting OK 

Display area 492 shows the name of the miciX)flow object ^""''Zffu Vk^^^ ^^^^"^ "^^^^^^^ 

, .'^ J. , J . * J * J- 1 ' r user hits the cancel 548 button With mouse 49. 

being displayed. Area 493 is used to display information . ^ , , , . , 

selected from the view menu of area 490, or to display and "^"^""^ ^ ^^^^^^^^ ^^^^^^g ^'^^^^ 
alter text with respect to a ceU from area 494. 50 546, then method tool 172 automatically generates the code 

, - -i ^ . . /. . to allow a test method written in C++ to call a Cadence 

Not shown in FIG. 14 are toe butto.« for execute, value, ^^^^^ ^^^^^^ ^j^^^ ^j,^ 

and move controls for m.croflow tool 171 Ako not shown Cadence procedures from within the Cadence module, 

in FIG. 14 IS a help menu for microflow tool 171. . . . ^ r i . • . . in 

, ^ . „ , ^« , FIG. 16 shows the architecture of the electronic tester 10 

Display area 494 of microflow tool 171 aUows the display j j^e action bus™ 600. Action bus 600 is also 

of mformation with respect to the microflow object, mclud- ^f^^^^ ^^^^^^ ^us 600. Action bus 600 aUows the 

mg tag, enable, value, and event. synchronization of events among aU the instructions for 

Window 496 for finding a microflow event can be dis- precision control of each test. Action bus 600 allows the 

played by using the pull down menu of the options command electronic tester 10 to have modular architecture. Modularity 

490 of microflow tool 171. Button 498 aUows the user to means that a test engineer can replace one part of electronic 

select built in events. Button 500 allows the user to choose tester 10 and electronic tester 10 will still work, 

microflow events. Button 506 allows the user to select levels ^^^-^^ ^us 600 comprises action number bus 601 and 

objects. Button 502 allows the selection of microflow action complete bus 602. Action number bus 601 is used to 

objects. ggjj^ markers (also called action numbers or action time 

Button 504 allows the user to select Cadence routines. 55 stamps) to initiate action by the modular circuitry within 

Area 508 allows the display of names of modules. Area electronic tester 10. Action number bus 601 is also referred 

510 allows the display of names of routines. In FIG. 14, the to as action marker bus 601 and action timestamp bus 601. 
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Action complete bus 602 sends action complete markers DC source/measure unit 612 is used for DC source and 

also called action complete numbers, action complete time measure with respect to device under test 50. The DC source 

stamps, or acknowledgements that indicate to the modular and measure operations done by DC source/measure unit 

circuitry that the action requested has been completed, 612 are analog tests with respect to device under test 50. DC 
Action complete bus 602 is also called action complete 5 source/measure unit 612 includes a local processor 613. DC 

number bus 602 or action complete time stamp bus 602. For source/measure unit 612 is controlled by pacemaker 92, 

one embodiment, action number bus 601 is 16 bits wide and which in turn is controlled by tester controller 90. For an 

action complete bus 602 is one bit wide. alternative embodiment, DC source/measure unit 612 is 

Action number bus 601 is coupled to digital pattern directly connected to action bus 600. 
generator 606, digital pattern generator 608, source and 10 Digital pattern generators 606 and 608 commimicate with 
measure sequencers 611 of sequenced measure system tester controller 90 via respective bidirectional flag lines 614 
("SMS") 610, and pacemaker 92 of tester controller 90. and 616. For example, digital pattern generators 606 and 608 
Pacemaker 92 is in turn coupled to local processor 613 of can use bidirectional flag lines 614 and 616 to interrupt. 
DC source/measure instrument 612 via bus 604. Tester controller likewise can send signals to digital pattern 
Action complete bus 602 is coupled to digital pattern generator 606 and 608 via bidirectional flag lines 614 and 
generator 606, digital pattern generator 608, and source and 616. For example, tester controller 90 can use bidirectional 
measured sequencers 611 of sequenced measure system 610. flag lines 614 and 616 to request the digital pattern genera- 
Bidirectional flag line 614 is coupled between digital ^^^^ ^^8 to start generating patterns, 
pattern generator 606 and tester controller 90. Bidirectional The action number bus 601 works as follows. A test 
flag line 616 is coupled between digital pattern generator engineer places up to 4,096 markers in a digital pattern 
608 and tester controller 90. produced by digital pattern generator 606 to mark specific 
Digital pattern generator 606 is a custom processor that actions that need to occur elsewhere in tester 10. Each 
acts as a sequencer. Digital pattern generator 606 is used to marker causes digital pattern generator 606 to send a marker 
generate digital test vectors for testing device under test 50. over action number bus 610 to sequenced measure system 
Digital pattern generator 606 can drive 1,024 pins of the and pacemaker 92. Digital pattern generator 606 can 
device under test 50 in parallel. Digital pattern generator 606 also be used to place markers in a pattern where analog 
thus generates digital test vectors for digital testing of a events need to occur by importing mixed mode patterns 
device under test 50. Digital pattern generator 606 is micro- from automated program generation tools. Such mixed 
coded and includes assembly code executed by clock steps. naode patterns contain flags indicating that analog events are 
Test engineers write the digital test vectors in order to test to occur. 

device under test 50. Digital pattern generator 606 is clocked Digital pattern generator 608 can also send out markers on 

by a clock generator. action number bus 601 at appropriate times to cause SMS 

Digital pattern generator 608 is similar to digital pattern 610 and pacemaker 92 to initiate action, 
generator 606. Digital pattern generator 608 is used to send When a marker appears on action number biis 601, 
digital test vectors to the device under test 50 but sends those pacemaker 92 can respond to the marker by sending a signal 
digital test vectors to different pins of the device under test on line 604 to initiate action by DC source/measure unit 612. 
than digital pattern generator 606. Digital pattern generator Digital pattern generator 606 can be the master at times. 
606 and 608 can send test vectors at different times to As bus master, digital pattern generator 606 can send mark- 
different pins of device under test 50. ers over action number bus 601 to source and measure 

Sequenced measure system 610 includes source and mea- sequencers 611 and pacemaker 92. Digital pattern generator 

sure sequencers 611. Sequenced measure system 610 is used 608 can also receive a marker from action number bxis 601 

for analog testing of the device under test 50. The sequenced in response to digital pattern generator 606 sending out such 

measure system 610 is controlled by pacemaker 92, which a marker. Thus, digital pattern generator 608 can be a slave, 
in turn is controlled by tester controller 90. 45 At other times, digital pattern generator 608 can be the bus 

The sequenced measure system 610 is the DSP source and master and send out markers to source and measure sequenc- 

measurement system of electronic tester 10. Sequenced ers 611, pacemaker 92, and digital pattern generator 606, 
measure system 610 provides test capability for audio. For one embodiment, source and measure sequencers 611, 

video, datacom, and telecom type devices under test 50. DC source/measure unit 612, and pacemaker 92 are always 

For one embodiment, the sequenced measure system 610 50 slaves and never the masters with respect to markers on 

features analog performance from DC to 100 megahertz and action number bus 601. For alternative embodiments, source 

local DSP processing that eliminates data transfer through and measure sequencers 611, DC source/measure unit 612, 

the tester 10, One high speed version of sequenced measure and pacemaker 92 can be masters and send markers on 

system 610 contains analog circuitry optimized for analog action number bus 601 to digital pattern generators 606 and 
waveform operations up to 100 megahertz. That high speed 55 608 and to other circuitry coupled to action number bus 601. 
version is intended for applications such as MPEG video An example illustrates how action number bus 601 works, 

devices, high speed data converters, and DVD read chan- A test engineer working on electronic tester 10 may, for 

nels. example, want to send a DC source of 5 volts to the device 

For an alternative embodiment, a high resolution version under test 50 at 500 milliseconds into a test. The test 
of sequenced measure system 610 uses analog circuitry 60 engineer puts a command in digital pattern generator 606 for 

optimized for lower frequency and higher precision opera- digital pattern generator 606 to send out a marker on action 

tions. The high resolution version of sequenced measure number bus 601 when the 500 millisecond point has been 

system 610 is suited for applications such as audio circuits, reached with respect to the generation of test vectors by 

high resolution data converters, ISDN, and ADSL. The digital pattern generator 606. For this example, digital 
sequenced measure system 610 includes a event processor 65 pattern generator 606 is acting as the master with respect to 

and a controller/processor. Sequenced measure system 610 the action number bus 601. The digital pattern generator 606 

is clocked, puts a marker on action number bus 601 when the 500 
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millisecond point is reached. Pacemaker 92 receives the 
marker at this point and sends a command over line 604 to 
prompt the local processor 613 to cause the DC source/ 
measure unit 612 to set the DC source with respect to a pin 
on the device under test 50 to 5 volts. Sequenced measure 5 
system 610 would also see the marker placed by digital 
pattern generator 606 on action number bus 601 and perform 
a source test at that same point with respect to another pin 
of the device under test 50. 

Accordingly, it should be appreciated that the action bus jq 

600 arrangement allows the sequenced measure system 610 
and the DC source/measure unit 612 to act locally. The 
digital pattern generator 606 can simply trigger action that 
will be done by the sequenced measure system 610 and the 
DC source/measurement unit 612. This allows the electronic 
tester 10 to in effect think globally and act locally. 

For an alternative embodiment of the invention, a pulsed 
power source (described in more detail below) can also be 
coupled as a slave to action bus 600. 

For an alternative embodiment, a power voltage/current 
("PVI") unit can also be coupled as a slave to action bus 600 
via pacemaker 92 and Hne 604. For yet another alternative 
embodiment, a PVI unit is directly connected to action bus 
600. 

When sequenced measure system 610 receives a marker 
from action number bus 601, sequenced measure system 610 25 
knows what actions to take with respect to analog testing of 
device under test 50. Sequenced measure system 610 has 
processing circuitry that triggers particular tests in response 
to the receipt of markers from action number bus 601. 
Likewise, DC source/measure unit 612 also knows what 30 
particular actions to take when it receives a prompting from 
pacemaker 92 triggered by pacemaker 92 receiving a marker 
on action ntimber bus 601. 

The source and measure sequencers 611 of sequenced 
measure system 610 can send an action complete marker 35 
over action complete bus 602 to digital pattern generator 606 
or digital pattern generator 608 indicating that a particular 
action requested has been completed. Digital pattern gen- 
erators 606 and 608 can also send an action complete marker 
from the slave to the master acknowledging the completion 4Q 
of a task by a slave. Indeed, any slave with respect to action 
bus 600 can send action complete markers over action 
complete bus 602. 

For one embodiment of the present invention, a marker on 
action number bus 601 appears as the binary number 01011. 45 
For one embodiment, the compiler for digital pattern gen- 
erators 606 and 608 compiles that pattern as a "DUT__ 
ready" command. For that embodiment, a "DUT_ready" 
command is written in the source code for digital pattern 
generators 606 or' 608 at appropriate points where the test 50 
engineer wishes a marker to be sent on action number bus 

601 to trigger action by a slave, such as the SMS 610. 
As an example, if digital pattern generator 606 sends out 

a marker at a "DUT_^eady" command, the sequenced 
measure system 610 starts a source sequence of color bar 55 
measurement with respect to DUT 50 when the marker is 
received by sequenced measure system 610. As another 
example, the marker may trigger the DC source/measure 
unit 612 to measure a pin of device under test 50 and put the 
measurement into a results array on a pin list. 60 

As discussed above, electronic tester 10 includes both 
circuitry fordoing digital testing of DUT 50 and circuitry for 
doing analog testing of DUT 50. The discussion below in 
connection with FIGS. 17-21 describes the digital test 
circuitry in more detail. The discussion below in connection 65 
with FIGS. 22 and 23 discusses certain analog test circuitry 
in more detail. 
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FIG. 17 shows digital subsystems 650 for testing the 
device under test 50 in a digital manner. Digital subsystem 
650 includes control pattern processing unit 652; data pat- 
tern processing unit 674; pattern select processing unit 660; 
waveform, timing, and formatter unit 668; and pin electron- 
ics cards 64. 

Digital subsystem testing unit 650 is coupled to the device 
under test 50. Pin electronics cards 64 are located in test 
head 16 and coupled to device under test 50. For an 
alternative embodiment, pin electronics cards 64 are also 
coupled to a second device under test coupled to a second 
test head 18. The rest of digital subsystem testing unit 650 
besides pin electronics 64 resides within digital circuitry 20 
(shown in FIG. 1) and digital resources 94 (shown in FIG. 
3). The entire digital subsystem 650 resides within digital 
boards 64 (shown in FIG. 4). 

Control pattern processing unit 652 shown in FIG. 17 
includes control pattern memory address generator 654 and 
control pattern memory 656. Control pattern memory is 
coupled to the DSP and analog systems 658 (for example, 
SMS 610) via action bus 600 (see FIG. 16). DSP and analog 
systems imit 658 are in turn coupled to the device imder test 
50. For an alternative embodiment, DSP and analog systems 
658 are also coupled to another device under test in second 
test head 18. 

For one embodiment of the invention, control pattern 
processing unit 652 acts as the digital pattem generators 606 
and 608 of FIG. 16. 

For one embodiment, digital test subsystem 650 is con- 
trolled by the enVision++ executive system 130 of network 
interface computer 14. 

For digital testing of device under test 50, test patterns can 
be contained in two types of vector memories — namely, 
control pattem memory 656 or data pattem memory 676. 
During pattem execution, either one or both of data pattern 
memory 676 and control pattern memory 656 may be used 
to generate the data pattern. Dynamic selection of the pattern 
source, (i.e., either data pattern memory 656 or control 
pattern memory 656) for each tester channel is performed on 
a vector by vector basis by pattern select circuitry 666. For 
one embodiment, pattern select circuitry 666 can also select 
algorithmic pattern generator 665 dynamically for each 
tester channel on a vector-by-vector basis. 

Data pattern processing unit 674 includes data pattem 
memory address generator 678 and data pattern memory 
676. Pattern select unit 660 is coupled to both data pattern 
processing unit 674 and control pattem processing unit 652. 
Pattern select unit 660 is in turn coupled to waveform, 
timing, and formatter unit 668. Waveform, timing and 
formatter unit 668 is in turn coupled to pin electronics 64, 
which in turn are coupled to device under test 50. 

Pattern select unit 660 includes pattern select circuitry 
666, which is coupled to DSP send unit 662, scan PG unit 
664, and algorithmic pattem generator ("APG") 665. Pattem 
select circuitry 666 is also coupled to control pattern 
memory 656 and data pattem memory 676, Pattern select 
circuitry 666 sends its output to waveform, timing, and 
formatter unit 668. 

Waveform, timing, and formatter unit 668 includes wave- 
form memory 670 and timing generators and formatters unit 
672. 

Pattern select circuitry 666 and waveform, timing and 
formatter unit 668 operate on an independent per pin basis 
with respect to device under test 50 and provide independent 
per pin functions. 

Pattern select circuitry 666 sends to waveform memory 
670 the appropriate pattern to be applied to waveform 
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memory 670. Waveform memory 670 in turn sends the 
pattern information to the timing generators and formatters 
unit 672 which generates the proper timing and formatting 
for sending the signals to the pin electronics unit 64 and in 
turn to the device under test 50. 5 

One embodiment of electronic tester 10 provides up to a 
250 megahertz non-muhiplexed input/output data rate on 
each individual channel and offers a non-multiplexed 500 
megahertz input/output data rate capability with constrained 
formatting options. An aUernalive embodiment of electron- lO 
ics tester 10 provides up to 125 megahertz input/output data 
rates. All data rates are doubled in the multiplexed mode. 

FIG. 18 illustrates control pattern processing unit 652, 
which includes control pattern memory address generator 
654 and control pattern memory 656. Control pattern -^^ 
memory 656 includes control pattern memory sequence 
microinstructions 690, pin vector data 692, per-pin opcode 
694, data pattern memory control information 696, algorith- 
mic pattern generator microinstructions 698, and action bus 
marker information 700. 

Control pattern processing unit 652 features microinstruc- 
tions that control the pattern sequence of control pattern 
memory 656 as well as providing master control of other 
system resources. The microinstructions 690 and per pin 
opcode 694 of control pattern memory 656 provide flexible 
control of over all lest pattern execution, including synchro- 
nizing vector flow with the data pattern processing unit 674. 

The control pattern memory address generator 654 pro- 
vides addressing to the control pattern memory 656 and 
steps the control pattern memory 656 through addresses. In 
particular the control pattern memory address generator 654 
steps through the control pattern memory sequence micro- 
instructions 690 and executes them. The control pattern 
memory sequence microinstructions 690 are used to gener- 
ate complex pattern sequences that require looping, 
conditioning, branching, and nested subroutines. 

Per pin opcode 694 provides control over per-pin pattern 
source selection. DPM control information 696 provides 
control over DPM sequencing. APG microinstructions 698 ^ 
provide control over algorithmic pattern generator algo- 
rithms. 

Control pattern memory 656 also includes action bus 
markers 700. The action bus markers 700 are sent out at 
various points during the control pattern memory sequence 45 
of microinstructions 690. The action bus markers 700 are 
sent out on action number bus 601 of action biLS 600 shown 
in FIG. 16. 

For one embodiment, the control pattern processing unit 
652 includes 16 levels of nested subroutines and four 16 bit 50 
loop counters. For one embodiment, control pattern process- 
ing unit 652 can perform conditional branching and condi- 
tional subroutine calls and returns. For one embodiment, 
control pattern processing unit 652 includes a 16 bit vector 
repeat counter. For one embodiment, control pattern pro- 55 
cessing unit 652 can perform sequential match operations. 
One embodiment, DPM control information 696 includes 
data pattern memory address, load, and step instructions. 

For one embodiment of the invention, control pattern 
processing unit 652 controls whether or not the vector 60 
waveform selection comes from control pattern memory 656 
or data pattern memory 676. 

The standard control pattern memory 656 vector depth is 
32K for one embodiment and 16K for another embodiment. 
Control pattern memory microinstructions can be executed 65 
on every vector when running a test pattern in an extended 
waveforms mode for one embodiment. In the high frequency 



,741 Bl 

26 

format embodiment, control pattern memory microinstruc- 
tions can be executed on every other vector For one 
embodiment, in the extended waveforms mode, pin vector 
data 692 is 16K by 3 bits per pin. For another embodiment, 
in the high frequency fonmat, pin vector data 692 is 32K by 
one bit per pin. 

FIG. 19 iUustrates data pattern processing unit 674. Data 
pattern processing imit 674 includes data pattern memory 
address generator 678 and data pattern memory 676, Data 
pattern memory 676 includes vector repeat count informa- 
tion 702 and pin vector data 700. 

Data pattern memory address generator 678 receives set 
and step instructions from the control pattern memory 656. 
The data pattern memory address generator 678 sends 
addresses to the vector repeat count portion 702 of data 
pattern memory 676 in order to step through information in 
data pattern memory 676. Data pattern memory address 
generator 678 can receive information from data pattern 
memory 676. 

Data pattern processing unit 674 provides long sequential 
vector patterns with vector repeat capabilities, which allows 
test engineers to simulate digitally intensive devices. Each 
data pattern memory 676 vector location can specify a repeat 
count of up to 2,047 cycles. Maximum data pattern memory 
676 size depends on the configuration and frequency mode 
of electronic test system 10. 

Returning to FIG. 17, during pattern execution, either the 
data pattern memory 656 or the control pattern memory 676, 
or both, may be used to generate the data pattern to be 
applied to device under test 50. For each tester channel, the 
pattern select unit 660 wiJl perform dynamic selection of the 
pattern source from either the control pattern memory 656, 
the data pattern memory 676, or the algorithmic pattern 
generator 665 on a vector-by -vector basis. 

The vectors from the control pattern memory 656 and data 
pattern memory 676 include a waveform selection address 
for the waveform select memory 670 for each pin of the 
DUT50. For one embodiment, the waveform select memory 
670 for each pin is 32k by 8 bits. A control pattern 656 
instruction is used to specify whether the data pattern 
memory 676 or the control pattern memory 656 is to be used 
for providing this address. The "SWCDPM" control pattern 
memory 656 instruction selects the data pattern memory 676 
as the source for the waveform memory 670 address, effec- 
tive on the cycle executed. The "SWCCPM" instruction 
selects the control pattern memory 656 as the source for the 
waveform memory 670 address effective on the cycle 
executed. 

FIG. 20 shows algorithmic pattern generator ("APG") 665 
coupled to CPM unit 652 and pattern source select 666. APG 
665 produces digital patterns for testing embedded memory 
arrays. APG 665 derives its control from CPM unit 652. This 
allows memory test algorithms to be interspersed with the 
logic vectors required for accessing embedded memory of 
DUT 50. 

APG can be used for testing embedded memories as well 
as memory chips. 

APG 665 features per pin architecture, which allows a test 
engineer to configure for "virtual" APG fields. '^The lest 
engineer can create a relatively wide range of memory test 
patterns, including march, surround/disturb, and galloping 
rows/columns. The test engineer can assign any APG 665 
signal to any tester channel of electronic tester 10. For one 
embodiment, APG 665 instructions can be executed up to 
250 Megahertz. 

APG 665 includes signal select circuitry 667, initial value 
register 659, foreground register 661, background register 
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657, and gate 663. The APG iDstruction codes include 
modifiers 669 with respect to foreground register 661 and 
background and register 657. The modifier instructions 669 
are sent from CPM unit 652 to APG 665. The modifier 
instructions 669 include incrementing and decrementing the 5 
foreground register 661; loading the contents of the initial 
value register 659 into foreground register 661; swapping 
the contents of the foreground and background registers 661 
and 657; shifting the contents of foreground register 661 left 
and right; and shifting the contents of foreground register 
661 and adding zeroes and ones. Control logic (not shown) 
of APG 665 carries out the modifier instructions 669 
received from CPM unit 652. 

APG 665 includes gate 663 for providing logical opera- 
tions between foreground register 661 and background reg- 
ister 657. The APG instruction codes include source select 
instructions 671, which include an "AND" operation with 
respect to the contents of the foreground and background 
registers 661 and 657; an "OR" operation with respect to the 
contents of the foreground and background registers 661 and 
657; selection of an inverse of the contents of foreground 
register 661; and selection of either foreground register 661 
or background register 657. Signal select circuitry 667 of 
APG 665 controls the selection of signals firom foreground 
register 661, background register 657, and gate 663 in 
response to the source select instructions 671 sent from 
CPM unit 652. 

FIG. 21 is a block diagram of the fail log memory 
("FLM") 701 used in conjunction with the algorithmic 
pattern generator 665 to test embedded memories in system- 
on-a-chip ICs, for example. The FLM 701 will record 
failures that occtu* during the testing of the embedded 
memory of DUT 50 and will record the location of failing 
cells in the memory array of DUT 50. This failure informa- 
tion is then exported for the purposes of repairing the IC in ^5 
the event that redundant memory cells are available. 

FLM 701 can be used to test embedded memories as well 
as memory chips. 

The device under test 50 is connected through the per-pin 
compare logic to input matrix 709 that establishes a data 40 
connection to the cell fail memory 711, the row fail memory 
713, and the column fail memory 715. Simultaneously, the 
APG 665 provides addressing information through program- 
mable pipeline 705 to the fail memories 711, 713, and 715, 
and to an address fail log memory 707, A local processor acts 45 
as a bit map scanner 717 to organize the fail information into 
a compressed electronic form for export to the memory 
repair process. For one embodiment, the bit map scanner 
717 includes a Power PC 750 CPU sold by Motorola 
Corporation of Schaumburg, III. Bitmap processor 717 50 
allows for bitmaps and redundancy analysis. 

For one embodiment, FLM 701 helps to ensure real-time 
accumulation of memory array bit map information at rates 
up to 250 megahertz. The FLM 701 supports an accumulate 
mode and a mask mode. 55 

The accumulate mode stores DUT 50 memory array 
errors in the FLM 701 at the same locations as the DUT 50 
array addressed by APG 665. APG 665 generates an address 
that is sent to both DUT 50 and FLM 701. This address goes 
through a programmable pipehne before it reaches FLM 701 60 
to allow for DUT 50 designs with pipelined address/data. If 
the CPM 652 microcode contains an FLM 701 log instruc- 
tion and a channel error exists on any FLM 701 channel, the 
system accesses the FLM 701 cell memory 711 to see if that 
memory location has had a previously recorded enor. If not, 65 
the system records the error in cell memory 711 and records 
the address in the address fail log memory 707. 
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The mask mode enables the execution of a test pattern 
using errors previously accumulated or loaded into FLM 701 
to mask out any subsequent errors at those locations in the 
DUT 50 memory array. 

FIG. 22 is a block diagram of sequenced measure system 
("SMS") 610. Sequenced measure system 610 provides the 
analog source and measure functions with respect to device 
under test 50. In other words, sequenced measure system 
610 is one of the analog testing circuits with respect to 
device under test 50. SMS 610 sends and receives analog 
signals with respect to DUT 50. Sequenced measure system 
610 is located within analog circuitry 22 of electronic tester 
10 (shown in FIG. 1), within analog resources 96 (shown in 
FIG. 3), and within analog boards 62 (shown in FIG. 4). 

Sequence measure system 610 operates cycle by cycle 
and is controlled by event processor 710, the controller/ 
processor 712, and tester controller 90. 

Sequence measure system 610 is coupled to action bus 
600, which is in turn coupled to the digital pattern generators 
602 and 608 and tester pacemaker 92 of tester controller 90. 
Sequenced measure system 610 is also coupled to tester 
controller 90. 

Sequenced measure system 610 includes an event pro- 
cessor 710 for initiating analog tests upon receipt of a 
marker on action number bus 601 of action bus 600. Action 
number bus 601 and action complete bus 602 of action bus 
600 are coupled to event processor 710. 

Event processor 710 is in turn coupled to source 
sequencer 726 and measure sequencer 730. Upon receiving 
a marker from action number bus 601 of action bus 600, 
event processor 710 sends signals to either the source 
sequencer 726 or the measure sequencer 730 to begin a 
sequence of either source or measure tests with respect to 
device under test 50. Source sequencer 726, measure 
sequencer 730, and event processor 710 together comprise 
the source and measure sequencers 611 shown in FIG. 16. 

Source sequencer 726 of FIG. 22 is coupled to sequencer 
memory 728 which includes microcode for performing 
source style analog tests with respect to device under test 50. 
Measure sequencer 730 is coupled to sequencer memory 
732. Sequencer memory 732 includes microcode for guiding 
measure sequencer 730 through analog tests with respect to 
device under test 50. 

Source sequencer 726 is also coupled to source waveform 
memory 734 containing waveforms with respect to the 
analog tests with respect to device under test 50. Measure 
sequencer 730 is coupled to measure waveform memory 736 
for performing measure analog tests with respect to device 
under test 50. 

Controller/processor 712 of sequenced measure system 
610 oversees and controls the source and measure analog 
tests performed by the sequence measure system 610 and 
also performs local analysis of measured data. The 
conUroUer/processor 712 is in turn coupled to tester control- 
ler 90 which controls controller/processor 712. 

Controller/processor 712 is coupled to the source wave- 
form memory 734 and the measure waveform memory 736. 
Controller/processor 712 controls the source waveform 
memory 734 and the measure waveform 736 with respect to 
the reading and writing of waveform data with respect to 
device under test 50. An output of source waveform memory 
734 is coupled to an input of digital-to-analog conversion 
circuitry 738. The output of digital-to-analog conversion 
circuitry 738 is coupled to filters ranging circuitry 742. 

An output of filters ranging circuitry 744 is coupled to an 
input of analog-to-digital conversion circuitry 740. An out- 
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put of analog-to-digital conversion circuitry 740 is coupled 
to an input of measure waveform memory 736. 

Multiplexer 714 is coupled to clock divider circuitry 720. 
Clock divider circuitry 720 is coupled to source waveform 
memory 734 and source sequencer 726. Multiplexer 714 is 5 
coupled to device under test 50 and clock lines 752 and 754, 
Multiplexer 714 is also coupled to multiplexer 716 and 718. 

Multiplexer 718 is coupled to clock divider unit 724, 
which is in turn coupled to measure waveform memory 736. 
Multiplexer 716 is coupled to clock divider circuitry 722, 
which in turn is coupled to measure sequencer 730. Multi- 
plexers 714, 716, and 718 each have inputs coupled to 
device under test 50. 

FIG. 23 is a block diagram of pulse power source ("PPS") 
770 of electronic tester 10. Pulse power source 770 is 
coupled to action number bus 601 and action complete bus 
602 of action bus 600. PPS is also coupled to DUT 50. Pulse 
power source 770 is a multichannel high-power voltage/ 
current source designed to test the smart power blocks on a 
system-on-a-chip IC. Pulse power source circuitry 770 is 
thus used for analog testing of device under test 50. 

Pulse power system 770 resides within analog circuitry 22 
and test head 16 (shown in FIG. 1). Pulse power circuitry 
770 also resides within analog board 62 and test head 16 25 
shown in FIG. 4. Pulse power circuitry 770 also resides in 
analog resources 96, test head interface 98, and test head 16 
(shown in FIG. 3). 

Pulse power source 770 shown in FIG. 23 includes pulse 
power source controller 772, which is coupled to action bus 30 
600. Power pulse controller 772 includes a Power PC CPU 
microprocessor 778 sold by Motorola Corporation of 
Phoenix, Ariz. Power pulse source controller 772 also 
includes a sequencer 780 with 32 channels. 

The pulse power source sequencer 780 is in turn coupled 
to rail power module 774, which in turn is coupled to test 
head module 776. Test head module 776 is coupled to the 
device under test 50. 

Pulse power source sequencer 780 sends 32 channels of 
data and control information to rail power module 774. Rail 
power module 774 includes pulse power source rail power 
units covering all 32 channels, including rail power unit 782 
covering channels one to four and rail power unit 784 
covering channels twenty-nine to thirty-two shown in FIG. 
23. Rail power module 774 in turn sends data, control, and 
power signals to test head module 776. Test head module 
776 includes pulse power source test head units for all 32 
channels, including test head unit 786 (for channels 1-4) and 
test head unit 788 (for channels 29-32) shown in FIG. 23. 
Test head module 776 in turn sends per channel HF, HS, LS, 
and LF signals to device iinder test 50. 

Under the control of pulse power source sequencer 780, 
each pulse power source channel can produce voltages up to 
100 volts or currents up to 10 amps for one embodiment, 
providing timing resolution of one microsecond on any 
event across all channels. 

The pulse power source 770 sends signals to test head 16 
resident power amplifiers that provide the bandwidth nec- 
essary to handle device transients and produce pulsed load go 
waveforms. The pulse power source sequencer 780 is 
programmable, which enables the test engineer to program 
the output values of all amplifiers and determine the timing 
relationship between consecutive values on any number of 
channels or the relative timing between channels. 55 

Pulse power sequencer 780 also allows the test engineer 
to place measure strobes relative to any forced value across 
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all channels and make single or multiple measurements on 
any number of channels. These features enable parallel 
measurement of multi-output devices and digitizing of any 
power waveform that can then be analyzed using DSP math 
functions. 

Controller 772 of PPS 770 is coupled to action bus 600. 
Controller 772 can be triggered to measure the current at a 
point in the digital pattern when controller 772 receives a 
marker over action number bus 601 of action bus 600 sent 
by either digital pattern generator 606 or digital pattern 
generator 608. This allows full characterization of power 
usage. 

FIG. 24 shows the clocking architecture of electronic test 
system 10. Digital pattern generator 606 is coupled to digital 
pins 802 which in turn are coupled to device under test 50. 
Digital pattern generator 608 is coupled to digital pins 804, 
which in turn are coupled to device under test 50. Digital 
pattern generators 606 and 608 generate the digital test 
patterns for device under test 50. Sequenced measure system 
610 performs the sequence source and measure analog tests 
with respect to device under test 50. Sequenced measure 
system 610 is coupled to DUT 50. Sequenced measure 
system 610 includes a source circuitry 820 and measure 
circuitry 818. Source circuitry 820 includes multiplexer 714, 
divider 720, source sequencer 726, sequencer memory 728, 
source waveform memory 734, and event processor 710 
(shown in FIG. 22). Measure circuitry 818 includes multi- 
plexers 732, measure waveform 736, and event processor 
710 (shown in HG. 22). 

Wideband sampler 816 shown in FIG. 24 is coupled to the 
SMS 610. Wideband sampler 816, which is coupled to DUT 
50, provides a high bandwidth interface to device under test 
50 for any of the DSP or time measure instruments in the 
tester. 

Fixed low frequency clock source 809 provides a global 
clock source for electronic test system 10. Clock source 809 
is also referred to as the system-wide frequency reference 
clock source 809 or the reference clock source 809. 

The low frequency clock source 809 has a frequency on 
the order of approximately 10 megahertz. 

Fixed low frequency clock source 809 is in turn coupled 
to a variable frequency reference clock source 34 that is 
coupled to digital pattern generators 606 and 608. Each of 
the digital pattern generators 606 and 608 has its own clock 
source that is generated in response to the variable clock 
source 34. 

Digital pattern generator 606 has its own local clock 
source 806 that runs at approximately 100 megahertz. The 
relatively high speed clock 806 is coupled to variable 
frequency clock source 34 and is derived from variable low 
frequency clock source 34 by multiplying the frequency of 
the variable speed clock source 34. Likewise, digital pattern 
generator 608 includes a local high-speed clock source 808 
that is coupled to variable frequency clock source 34 and is 
derived from clock source 34 by multiplying the firequency 
of clock source 34. The local high-speed clock source 808 
runs at approximately 100 megahertz. 

Even though local clocks 806 and 808 typically can run at 
up to 100 megahertz, those local high speed clock sources 
806 and 808 can be varied by varying the frequency of 
variable clock source 34. 

Thus the fact that variable ftequency clock source 34 can 
be varied means that the local clocks 806 and 808 are 
likewise varied by varying the frequency of clock source 34. 
In other words, the fact that the clock source 34 can be 
varied to different frequencies means that the local clock 
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sources 806 and 808 can likewise be varied. Given that the for applications such as hard disk drive or high-speed 

local clock sources 806 and 808 are derived by multiplying datacom applications, which require high-speed arbitrary 

the frequency of low speed clock source 34, that means that waveforms. Arbitrary waveform source 814 can also be used 

a broad range of frequencies can be generated by clock to generate sine waves or multilones for general DSP 
sources 34, 806, and 808, 5 applications, such as analog to digital converters and analog 

For one embodiment, the frequencies of high speed clocks ^^^'7 ^^^veform source 814 features syn- 

806 and 808 can be derived from the variable speed clock by chronization to a digital pattern output ranging, and differ- 

♦uf c ^ ^ 1AU ^- to. r ential outputs. For one embodiment, arbitrary waveform 

multiplymg the frequency of clock 34 by fractions. Thus, for o-tA -j ^u * /i\ i - * 

* u J- * f • f *i: !_• u J 1 1 source 814 resides withm (1) analog circuitry 22 and test 

that embodiment the frequencies of the high speed clocks ^^^^ ^^^^^ (i);nalog resources 96, test head 

8U6 and «08 would be greater than the frequency ot clock interfaces 98 and 100, and test heads 16 and 18 shown in 

34. For an alternative embodiment, the frequencies of clocks pjc 3. ^nd (3) analog boards 62 and test head 16 shown in 

806 and 808 are derived from clock 34 by multiplying the p|Q 4 

frequency of clock 34 by numbers greater than one. For that ^ ^y^^^ 25, the fixed frequency reference 809 

alternative embodunent, the frequencies of clocks 806 and provides inputs to analog master clock 812 and internal 
808 would be greater than the frequency of clock 34. is ^^^^^ 554 arbitrary waveform source 814. Internal clock 

The user of electronic tester 10 can use network interface 854 derives a clock of 2.4 gigahertz from the fixed frequency 

computer 10 to adjust the clock frequency of variable clock reference 809. Analog master clock 812 derives a clock 

generator 34, which in turn adjusts the frequencies of clocks frequency of 100 megahertz to 2.4 gigahertz from fixed 

806 and 808. clock source 809. Both clocks 812 and 854 send clock 

Each digital pattern generator 606 and 608 can operate at signals to clock control circuitry 852, which includes source 

an independent data rate while using the system -wide fre- select and dividers. 

quency reference clock source 809. This allows the test Arbitrary waveform source includes a waveform control 

engineer to run two functional patterns in parallel at different sequencer 856, a waveform sequence memory 858, wave- 

speeds. In addition, every digital pin of digital pins 802 and form memories 860 and 862, digital to analog converters 

804 contains a non-harmonically related clock that can 864 and 866, clocked combiner 868 for analog multiplexing, 

change frequency on a veclor-by-vector basis and continue and output conditioning circuitry 870 that includes an offset, 

running between patterns in order to keep alive circuits on a filter, and gain circuitry. The output conditioning circuitry 

device under test 50, such as on -board phase lock loops or 870 is coupled to device under test 50. 

switched capacitor filters that cannot be left idle between Digital pattern control in the form of gate/triggers and 

tests. branch vectors are sent to waveform sequencer 856. The 

Analog clocks 810 and 812 provide clocking for the waveform sequencer 856 sends addresses to waveform 

sequenced measure system 610, wide band sampler 816, and memories 860 and 862. Waveform memories 860 and 862 

arttitrary waveform source 814, which are used for analog send data to the digital-to-analog converters 864 and 866. 

testing of DUT 50. Analog clock 812 is coupled to arbitrary The digital analog converters 864 and 866 send analog 

waveform source 814 and wideband sampler 816. Analog information to the analog multiplexing clocked combiner 

clock 810 is coupled to sequenced measure system 610 and 868, which in turn sends signals to output conditioning 

wideband sampler 816. circuitry 870, which in turn sends signals to the device under 

For one embodiment, analog clocks 810 and 812 are test 50. 
independent analog master clocks that drive all of the DSP ^ Waveform control sequencer 856 also sends segment 

instruments in electronic tester 10 with frequencies from 100 gain, offset, and filter settings to output conditioning cir- 

megahertz up to 2.4 gigahertz. This clocking flexibility cuitry 870. Waveform sequence memory 858 provides data 

allows the test engineer to create any clocking relationship to waveform control sequencer 856 at addresses specified by 

required to implement techniques such as coherent under- sequencer 856. Microcode for the waveform control 

sampling of high speed waveforms. In addition, these mul- sequencer 856 is stored in waveform sequence memory 858. 

tiple high-resolution clock sources 810 and 812 allow the FIG. 26 shows wideband sampler 816, which is clocked 

test engineer to set up undersampling appHcations with by analog clock 812. Wideband sampler 816 provides a high 

many effective sampling rates. bandwidth interface to device under test 50 for any DSP or 

Analog clock 810 and 812 are coupled to fixed clock time measurement instruments in electronic tester 10. The 

reference 809. Analog clocks 810 and 812 derive their wideband sampler 816 is thus used for analog testing of 

frequencies by multiplying the frequency of global clock DUT 50. The wideband sampler 816 is used for applications 

809. such as graphics devices or datacom transmitters for wide- 

Arbitrary waveform source 814 can sample arbitrary band time domain measurements of parameters such as rise 

waveforms at speeds up to 2.4 Giga-samples/second with time and settling time. The wideband sampler 816 can also 
analog bandwidths in excess of one gigahertz. The arbitrary 55 be used to complement the arbitrary waveform source 814 as 

waveform source 814 can provide DSP based waveform a DSP digitizer front end. 

generation capability. Arbitrary waveform source 814 is For one embodiment, wideband sampler 816 is located in 

coupled to device under test 50. test head 16 of electronic tester 10. 

For one embodiment of the present invention, variable Wideband sampler 816 can capture signals with band- 
frequency clock source 34 is a frequency synthesizer model 60 widths up to one gigahertz and edges with rise times under 
PTS 310D sold by Programmed Test Sources of Littleton, 100 picoseconds. Wideband sampler 816 includes an opera- 
Mass. The design of the internal circuitry of variable fre- tional amplifier 890 with an input coupled device under test 
quency clock source 34 itself is not, however, intended to be 50. The output of operational amphfier 890 is coupled to 
part of the present invention. bridge 894. Bridge 894 is in turn coupled to sampled output 

FIG. 25 is a block diagram of arbitrary waveform source 65 operational amplifier 892. 

814, which is used to perform analog tests with respect to Thus, a single platform electronic tester 10 has been 

device under test 50. Arbitrary waveform source 814 is used described that can test digital integrated circuits, analog 
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integrated circuits, mixed signal integrated circuits and 
system-on-a-chip integrated circuits. 

In the foregoing specification, the invention has been 
described with reference to specific exemplary embodiments 
thereof. It will, however, be evident that various modifica- ^ 
tions and changes made be made thereto without departing 
from the broader spirit and scope of the invention as set forth 
in the appended claims. The specification and drawings are, 
accordingly, to be regarded in an illustrative rather than a 
restrictive sense. 

What is claimed is: 

1. An electronic tester, comprising: 

a test head to couple to a device under test, wherein the 
device under test can be system-on-a-chip integrated 
circuit, a mixed signal integrated circuit, a digital 
integrated circuit, or an analog integrated circuit; 

digital test circuitry that applies digital test signals to the 
device under test coupled to the test head and receives 
digital outputs from the device under test in response to 
the digital test signals; 

analog test circuitry that applies analog test signals to the 
device under test coupled to the test head and receives 
analog outputs from the device under test in response to 
the analog test signals; 2S 

memory test circuitry that apphes memory test patterns to 
the device under test coupled to the test head and 
receives memory outputs from the device under test in 
response to the memory test patterns; 

a tester computer that supervises the application of digital, 
analog, and memory test signals &om the digital test 
circuitry, analog test circuitry, and memory test cir- 
cuitry to the device under test such that signals applied 
to the device under test can be solely digital test signals, 
solely analog test signals, solely memory test signals, 
or mixed digital, analog, and memory test signals, 
wherein the test head, the digital test circuitry, the 
analog test circuitry, the memory test circuitry, and the 
tester computer are operable as a single platform, 
wherein the digital test signals, the analog test signals, 
and the memory test patterns can be appUed serially or 
concurrently to the device under test. 

2. The electronic tester of claim 1, wherein the memory 
test circuitry comprises an algorithmic pattern generator. 

3. The electronic tester of claim 2, wherein the memory ^5 
test circuitry further comprises a fail log memory. 

4. The electronic tester of claim 1, wherein the digital test 
circuitry comprises a control pattern memory processing 
unit and a data pattern memory processing unit. 

5. The electronic tester of claim 1, wherein the analog test 
circuitry comprises a sequenced measure system. 

6. The electronic tester of claim 5, wherein the analog test 
circuitry further comprises vector radio frequency circuitry. 

7. The electronic tester of claim 1, wherein the analog test 
circuitry comprises a pulsed power source. ^5 

8. The electronic tester of claim 1, wherein the digital test 
circuitry, the analog test circuitry, and the memory test 
circuitry are modular and reconfigurable. 

9. An electronic tester, comprising: 

means for applying digital test signals to a device under 
test and receiving digital outputs from the device under 
test in response to the digital test signals; 



means for applying analog test signals to the device under 
test and receiving analog outputs from the device under 
test in response to the analog test signals; 

means for applying memory test patterns to the device 
under test and receiving memory outputs from the 
device under test in response to the memory test 
patterns; 

computing means for supervising the application of 
digital, analog, and memory test signals to the device 
under test by the means for applying digital test signals, 
analog test signals, and memory test patterns, wherein 
the device under test can be a system-on-a-chip inte- 
grated circuit, a mixed signal integrated circuit, a 
digital integrated circuit, an analog integrated circuit, or 
a memory integrated circuit, wherein the means for 
applying digital test signals, the means for applying 
analog test signals, the means for applying memory test 
patterns, and the computing means are coupled to a 
single platform, wherein the digital test signals, the 
analog test signals, and the memory test patterns can be 
applied serially or concurrently to the device under test. 

10. An electronic tester, comprising: 

analog test circuitry that applies analog test signals to a 
device under test coupled to a test head and receives 
analog outputs from the device under test in response to 
the analog test signals; 

a tester controller that sends action packets to die analog 
test circuitry to select characteristics of analog tests to 
be performed by the analog test circuitry; 

digital test circuitry that applies digital test signals to the 
device under test coupled to the lest head and receives 
digital outputs from the device under test in response to 
the digital test signals; 

memory test circuitry that applies memory test patterns to 
the device under test coupled to the test head and 
receives memory outputs from the device under test in 
response to the memory test patterns; 

a computer coupled to the tester controller, the digital test 
circuitry, and the memory test circuitry, wherein the 
computer causes the tester controller to send action 
packets to the analog lest circuitry to execute analog 
tests of the device under test, wherein the computer 
causes the digital test circuitry to execute digital tests of 
the device under test, and wherein the computer causes 
the memory test circuitry to execute memory tests with 
respect to the device under test, wherein the analog 
tests, the digital tests, and the memory tests can be 
applied serially or concurrently to the device under test. 

11. A method for an electronic tester, comprising: 
presenting to a user of the electronic tester a computer- 
generated graphical user interface for launching an 
operating system for the electronic tester, wherein the 
operating system can oversee selectable serial or con- 
current execution of digital test programs, analog test 
programs, and memory test programs for testing a 
device under test coupled to the electronic tester; 

launching the operating system in response to user input 
via the computer-generated graphical user interface. 
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